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6 of the important 
new carpet constructions containing 


Avisco “15” 


1. “Mayfair” by Alexander Smith 2. Solarata” by Firth 
3. ‘Aladdin’ by Leedom 4. ‘Avicraft’ by Magee 


5. “Chevron” by Keragheusian 
6. “Pointset’ by Masland 


Avisco “15” Staple Extensively Used 


in Carpet Industry’s Spring Offerings : 


Widespread approval for Avisco 
“15”, the heavy-denier carpet staple 
introduced last summer, is indicated 
by the spring offerings of major car- 
pet manufacturers. Blended with 
wool or in 100% rayon weaves, it is 
appearing in floor coverings with un- 
usual surface interest, crisp coloring 
and excellent wearing qualities, 
These features and the favorable 
prices are rapidly winning consumer 
acceptance. 

That rayon has found a permanent 


place for itself in carpeting is borne 


out by the fact that more and more 
leading figures in the industry are 
predicting an ever-increasing role 
for synthetics in floor coverings. To 
back this belief they are making vig- 
orous efforts to promote the new 
type of product to the consumer. 
Avisco has joined in the effort by 
featuring rayon carpets in consumer 
advertising, and by providing edu- 
cational material helpful to consum- 
ers and retail salespeople. This con- 
certed effort—plus inherent value— 


forecasts success for rayon carpets, 


lICO” 
4-PLY SERVICE 


To encourage continued improvement 


MAKE USE OF 


in ravon fabrics, American Viscose 
Corporation conducts research and 
offers technical service in these fields: 


1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 
4 FABRIC FINISHING 


AMERICAN VISCOSE 
CORPORATION 


America’s largest producer of rayon 
Sales Offices: 350 Fifth Avenue, New York 1, 


N. Y.; Charlotte, N. C.; Cleveland, Ohio; 
Philadelphia, Pa.; Providence, R. I. 
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In the dyebath, Oratol L-48 has superior decomposition products completely, giving 
action, good foaming and excellent penetra- _ bright, clear shades. 

tion. It assures level dyeings on all fibres ‘ _ 

and fabrics. May be used in the same bath Oratol L-48 has efficiency in low concentra- 


with permanent antifume agents. tions in either hard or soft water thus saving 


Oratol L-48 is a highly active scouring agent 
for the proper preparation of goods for 


time and labor. Why not write today for 
complete details and samples for a test run. 


dyeing. It is excellent for washing both We feel sure you will find that versatile 
rint goods and permanent resin treated Orato! L-48 has real action in a wide range 
abrics. Oratol L-48 removes thickeners and _ of textile operations. 


JA 
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PASSAIC.§. J. Carlstadt, N. J. 


Recent REINHOLD Zooks 


You Can Examine Free for 10 Days 


THE CHEMICAL TECHNOLOGY OF DYE- 


ING & PRINTING—Diserens (Trans. and re- 
vised from 2nd German edition by Wengraf & 


Baumann) 

This volume will be welcomed by the American textile in 
dustry It is a translation of a portion of a three-volume 
treatise by the French textile expert Louis Diserens, and 
represents the most up to date information on textile dye- 
stuffs that is now available. It is an essential book for all 
textile research chemists, manufacturers of organic dyestuffs 
as well as for technical and industrial libraries 


1948, 500 pages, $13.50 


THE CHEMICAL TECHNOLOGY OF DYE- 


ING & PRINTING, Volume II—Diserens 
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other book on textile processing has ever presented so thor- 
oughly the chemistry of the reactions occurring on fibers 
Processes are clearly defined for the chemist, the dyer and 
the colorist. The text is complete with bibliographic litera 
ture and patent references 


April 1951, 600 pages, about $12.00 


THE CONDENSED CHEMICAL DICTION- 


ARY (4th edition )—Turner 


This famous reference book is now larger and more complete 
than ever It covers all recent developments, new sub 
stances, trade names, uses, applications, formulas, properties, 
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regulations, and will be of utmost value to everyone needing 
quick, accurate information on chemicals and related materials 


1950, 760 pages, $12.00 


LABORATORY DESIGN—Coleman 
Architects, research directors, technical men and executives 
alike will need this book, which is the latest report of the 
Committee on Design, Construction and Equipment of Lab- 
oratories of the National Research Council. It contains 
chapters contributed by outstanding authorities on laboratory 
design and construction from both the scientific and archi- 
tectural points of view The book is excellently organized 
into four major parts: materials, services, facilities and 
equipment; teaching laboratories; industrial laboratories; and 
concise descriptions of various types of modern laboratories 


195i, 370 pages, 9 x 12, illustrated, $12.00 


WATER TREATMENT For Industrial and 
Other Uses—Nordell 


A clear, exhaustive, practical and up-to-date book on indus 
trial waters—their impurities and methods of treatment to fit 
them for a great variety of commercial and other uses. In 
cludes: chemical reactions; impurities and how they can be 
eliminated or reduced; water requirements for industrial uses; 
current water-treatment practices in various industries; prob- 
lems and practices relating to boiler feed waters and cooling 
waters; processes and equipment used in treating water; and 
extensive tables of conversion factors and equivalents and 
other important tabular data, all of which help to make this 
the most comprehensive book on the subject ever published 


1951, 525 pages, $10.00 


FLAMEPROOFING TEXTILE FABRICS— 
Little 


This volume is of immediate interest not only to the textile 
field but also to manufacturers of paper, paper board, arti- 
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plete, detailed, authoritative! 


ACS Monograph, 1947, 430 pages, 
illustrated, $6.75 
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Certain Aspects of Yarn Structure’ 
Edward R. Schwarz + 


Yarns FORM the medium which relates the 
properties of fibers to the properties of fabrics. 
Their geometry and structure should be _ better 
understood since these may modify the behavior of 
fabrics by reducing or enhancing the properties of 
the fibers used. Studies of yarn structure should 
accompany investigations on fibers and filaments, 
for only in this way can intelligent attempts be 
made to engineer fabrics for optimum end _ use. 
Even a cursory search of the literature makes it 
apparent that little published material on yarn 
structure available since the work of 
Turner [7], Peirce [2], Schwarz {3, 5], Womersley [8], 
Woods [9], and others in the period preceding 1936. 

Common usage of terminology has been respon- 
sible in no small measure for much of the difficulty 
in understanding the fundamentals of yarn struc- 
ture. The term “single’’ yarn is misleading, since 
it really should apply only to a monofilament, 
whereas it is actually used to designate a strand 
made up of plied fibers, even though these may be 
discontinuous, as in a staple yarn. 


has been 


Yarn-structure 
classification should begin with the 2-ply and end 
with the ‘‘single’’—so-called. To avoid confusion 
at this late date, the term “‘single’’ will probably 

* Presented at the 21st Annual Meeting of Textile Research 
Institute, New York, November 16, 1950. 

+ Professor of Textile Technology and in charge, Textile 
Division, Massachusetts Institute of Technology. 


have to be used in its ordinary sense, and the term 
monofilament in its present connotation. The sug- 
gestion is that the position of the single yarn in the 
progressive listing of structure be last instead of 
first. When plied yarns are combined, the resulting 
structure is called a cord—beginning with the 2-unit 
construction and proceeding to the complex combi- 
nations. This nomenclature is consistent with the 
proposal for plied yarns. 

Many of the properties of fibers are determined 
by the arrangement of the long-chain molecules of 
which they are made. Thus, except for orders of 
magnitude, much of the work on yarn structure 
may be applied with little alteration to molecules 
within the fiber. A fair analogy would be the 
similarity of behavior of a woolen yarn to a fiber 
composed of unoriented molecules, and of a worsted 
yarn to a fiber composed of molecules in oriented 
form. 

Fibers are the units from which yarns are built. 
Their placement relative to each other and to the 
yarn axis, both longitudinally and radially, should 
be known, and their consequent behavior under- 
stood. Obviously, in order for a stress to reach the 
further end of the staple yarn in which it originates, 
forces must be transferred from fiber to fiber along 
and throughout the yarn. These forces can only 
be transferred at points of fiber-to-fiber contact. 


125 
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They will not travel through the air, which com- 
poses much of the bulk of the ordinary yarn. (See 
Figures 1 and 2.) The nature, number, and loca- 
tion of these contacts must be investigated. Re- 
cently, interest of many investigators has been di- 
rected rightly to such studies, and it is hoped that 
this interest will grow and prosper. 

Modern instrumentation has aided greatly in such 
investigations. Equipment such as the electron 
microscope, in which replicas of fiber surfaces may 
be studied; microscopic equipment, using ordinary 
and polarized light; and means for preparing very 
thin cross sections of yarns and fibers without alter- 
ation of the positions of their components (see 
Figures 2, 7,9, 10, 11, 12) has been greatly improved. 
Further, the development of more sensitive and 
precise means for measuring the physical properties 
of yarns and fibers—as, for example, by the appli- 
cation of electronics and by the use of bonded wire 
strain gages and various types of transducers—has 
made it possible to make much more satisfactory 
investigations of load-deformation phenomena. The 


Fic. 1. 


Cross sections of typical cotton yarns of normal 
twist. (Projection micrograph.) 
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use of sound-velocity techniques also should prove 
valuable in this connection. 


Importance of Twist 


A yarn, by definition, is a twisted structure, and 
twist is therefore of primary importance in any 
study of yarn. Twist may be measured in the 
usual twist tester by the untwisting of the com- 
ponents of the yarn under study to parallelism. 
The twist tester may be refined for work with single 


yarns by the addition of photoelectrically operated 


controls of high sensitivity such as that developed 
at the M.I.T. Textile Division. 
to evaluate certain twist relationships in terms of 
the yarn diameter and helix angle by means of the 
microscope [3,4]. With auxiliary equipment, such 
as the camera lucida and means for controlling the 
longitudinal position of the yarn under examination, 


It is also possible 


variation in twist structure from point to point 
along a yarn may be measured rapidly and precisely. 
(See Figure 3.) 
design operate so as to give the average twist along 
some’ length (usually from 1 to 10 in.), while the 


Twist testers of the conventional 


Fic. 2. Photomicrograph of cross section of cotton yarn. 
Note uncontrolled fibers outside the body of the yarn. 
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Fic. 3. 
structural variations continuously along a yarn. 


microscopic technique allows measurements to be 
made from one helix to another. Thus, the regu- 
larity of twist distribution, which may be more 
important than the magnitude of the twist itself, 
can be determined. Intelligent use of statistical 
methods makes analysis of such data increasingly 
meaningful. 

In the past, difficulty in relating twist to such 
properties as strength or extensibility resulted from 
the fact that it has not always been recognized that 
the twist to be studied is that which exists in the 
yarn at the time of test rather than that which is 
inserted in the spinning frame or twister. While 
measurement of single-yarn twist as it lies in the 
ply, for example, is possible in conventional twist 
testers, such tests are destructive, and, further, they 


do not take the twist change due to tortuosity (see 
p. 128) into account. 
the twist im sttu and are nondestructive. 


Microscopic techniques give 
They also 
give much information on structure which cannot 
be obtained by the usual physical tests. 


The Concept of Tortuosity in Twist Measurement 


Tortuosity has been defined by Woods [9], who 
pointed out that when a yarn is distorted so that 
its axis lies in a helix, rather than in a single plane 
or in a straight line, as is the case when yarns are 
plied or wound into packages of various sorts, the 
twist is changed, and that this change is independ- 
ent of the original twist. The tortuous twist is 
produced without rotation of either end of the yarn 
and may be substantial in certain instances. Its 


Microscope and camera lucida equipped to study 


magnitude is given by 


— sin P cos P 


r 


where 7 is the tortuosity in radians; P is the angle 
between the axis of the single and a plane normal 
to the axis of the ply; and r is the helix radius of 
the plied yarn (Figure 8). It is to be noted that 
when P = 0 (the case of the single axis in a plane), 
the tortuosity is also equal to zero. Similarly, 
when P = 90°, the tortuosity is equal to zero (the 
case of the axis in a straight line). Figure 4 shows 
the formation of tortuous twist in a paper strand 
which was originally rolled so that the central axis 
of the strip lay in a single plane parallel to the table 
top and normal to the axis of the twisted strand. 
If the outer end of the strip is lifted (without rota- 
tion) the paper assumes the twisted form shown. 
The textile industry has long been familiar with 
this effect without realizing its importance in yarn 


structure—the “throwing” of continuous-filament 


When 


tortuosity is taken into account, certain expressions 


yarns is essentially this operation in part. 


for the twist in a ply necessary to produce a bal- 
anced yarn with singles of a given twist can be 
predicted simply, as pointed out by Woods [9]. 


Fic. 4. Formation of tortuous twist in a paper strand 


(no rotation of either end). 
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The relationship ceases to be simple when tortuosity 
is neglected—and, in fact, is incorrect. 

In recent work undertaken by Chow [1] under 
the author’s direction [6] a rigidly derived formula 
was developed, including tortuosity,* of which the 
relationship given by Woods is a special case. The 
principles of differential geometry were employed, 
using the surface geometry of a torus as a base 
(Figure 5), and by the appropriate use of calculus 
and trigonometry the following equation was ob- 
tained: 
asin P cos P + 2xarT” 


tan = — - 
v r — acos? P cos \@ 


If the yarn is placed in the microscope for meas- 
urement of diameters and helix angles, then \@ = 0, 
and cos \# = —1. By substitution, the above 
equation may be written 

sin P cos P te 
( . =) + 2er” ar 
tany = : . 
r+ cos? P 


But, since 7 = 2x7” — +r, a further substitution 
gives 
arT 


tan = > ’ 
v r + cos? P 


which is Wood’s equation. 

The values involved are as follows: y is the angle 
between fiber and single axes as measured; a is the 
helix radius of single; P is the angle between single 
axis and a plane normal to ply axis; 7 is the helix 
radius of ply (see Figure 8); 7” is the nontortuous 
twist in single after plying; T is the tortuous twist 
in single after plying. 


Packing of Units into the Yarn Structure 


The act of twisting a number of components into 
a continuous strand produces radial forces which 
cause movement of certain of these components 


* Chow points out that if a set of mutually perpendicular 
reference axes is taken as forming a framework and the common 
point of intersection of the axes is moved along a fiber at the 
surface of a single yarn unit in the outer layer of the ply yarn, 
then, if one axis is the tangent, one the normal, and the 
remaining axis the binormal, there will be rotation of the 
framework about the binormal, which is the curvature of the 


single yarn axis, and rotation about the tangent, which is 
tortuosity. There will be no rotation about the normal. 
Wood’s concept of transverse and generator is employed, and 
twist is defined as the rotation of a given transverse to a 

; ; : a ae 
chosen generator per unit length of the yarn axis, or dT = — 


, 


where @ is in radians. 
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relative to others, and leads to a closer packing of 
all components within any given cross section. 
Two systems of packing which have geometric regu- 
larity deserve study—one is the circular or open 
packing, and the other is the polygonal or close 
system. (See Figure 6.) While neither arrange- 
ment may be achieved perfectly in practice, never- 
theless these theoretical structures are of consider- 
able importance as invariant bases for comparison. 
The degree of departure of commercial yarns from 
the base structure is a valuable measure for use in 
quality-control studies. (See Figure7B.) Tomake 
a comparison between currently spun yarns and 
some so-called standard representative of satisfac- 
tory production is undesirable because the basis for 
comparison is hard to determine quantitatively and 
is subject to variation from time to time as the 
quality-control program becomes effective. 

There is little likelihood that ordinary yarns can 
be spun to have the properties assumed in the 
theoretical structure, since they will not be uni- 
formly dense, right circular cylinders of the same 
diameter, nor will they be in exact tangential con- 
tact with each other in all cases. The important 
consideration is their relative departure from these 
theoretically perfect geometric conditions. Fur- 
ther, even though such differences exist, one can 
still predict the type of structural conformation 
which will result in practice, and from this, the 
probable behavior of the yarn. Attention must be 
paid to such properties as strength, flexibility, and 
extensibility, and also to considerations of shape, 
compactness, and uniformity of structure along the 
strand.’ Yarns must not only make durable fabrics, 
but attractive ones as well. In the fabric, texture, 
covering power, luster, and thickness must be consid - 
ered. Yarn structure affects these fabric properties. 


Relationship of Core and Outer Layers 


In open packing of components within the yarn 
there is a core at the center which itself may be 
composed of from 1 to 6 units. If there are 7 or 
more components, the simpler cores of from 1 to 6 
are again formed. In the case of 7 units, for ex- 
ample, there will be a core of 1 unit surrounded by 
6 perfectly tangential components (Figure 7A). 
Whatever the core, a circle may be drawn to circum- 
scribe it, and also another circle concentric and 
with this radius plus the 
ponent. (See Figure 8.) The next outer ring of 


radius of a com- 





Fic. 5. Surface geometry of a skewed torus, where A 
is a surface point, AB is a rotating vector (transverse), 
t is tangent, n is normal, b is binormal, and xs ts ply- 
yarn axis. 7A. Close-packed structures, showing core 
and pseudo-core. 


Fic. 6. Arrangement of units in open and close packing, Fic. 7B. Close-packed cotton yarn, showing square 
showing typical variations. (polygonal) shape. 
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Fic. 8. Concepts of open-packed structure. 
units is then formed, with the center of each unit 
on this second circle, the helix circle. In similar 
fashion, successive rings may be added, all pre- 
viously disposed units being taken as forming a 
pseudo-core (see Figure 7A). By simple trigonom- 
etry it can be shown that if there are m units in the 
outer ring of such a pseudo-core, then the pseudo- 
core radius is given by 
1 
R, = — > 
. 180 
sin 
where each component is taken to be of unit radius. 
The pseudo-core radius will be 


R=R, +1, 
and the core radius will be 
R. = R, — 1. 


Table I gives values for R, and R corresponding 
to values of m of from 1 to 50. Use of Table I is 
best demonstrated by examples: 

A—Single-Unit Core 


R = 1.000 and R. = 0 


In order to find how many units there can be in 
a layer surrounding such a core, find the value 
nearest 1.000 under R,.. Then nm = 6, since the 
value for R. found is exactly 1.000. These 6 units 
will be in perfect tangential contact with each other 
and with the single unit forming the core. For a 
pseudo-core having 6 units in its outer ring, 
R = 3.000. The value of R. nearest 3.000 is 2.861. 
Since this is not exactly 3.000, the packing will not 
be tangentially perfect (see Figure 6), but for ordi- 
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TABLE I 


No. of units Inner radius 

in layer or of layer Outer radius 
core (core radius) of layer 
(n) (Re) : (R) 


0.000 1.000 
0.000 2.000 
0.115 2.115 
0.414 2.414 
0.701 2.701 
1.000 3.000 
1.304 3.304 
1.611 3.611 
1.924 3.924 
2.236 4.236 
2.546 4.546 
2.861 4.861 
3.184 5.184 
3.484 5.484 
3.808 5.808 
4.155 6.155 
4.435 6.435 
4.747 6.747 
5.060 .060 
5.410 410 
5.757 757 
5.993 
6.353 
6.634 
7.000 
7.333 
7.547 
8.091 
8.259 
8.524 
8.901 
9.204 
9.638 
9.870 
10.236 
10.494 
10.765 
11.195 
11.500 
11.821 
11.987 
12.333 
12.699 
12.889 
13.286 
13.706 
14.152 
14.385 
14.625 
14.873 
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nary yarns, which are subject to some distortion, it 
is possible to place 12 units (m = 12 for R, = 2.861) 
in this ring, with only minor distortion of each unit. 
(See Figure 8.) For the next layer the required 
value of R is 4.861, and the value nearest to this 
for R. is 5.060. Again, by slight crowding, 18 units 
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TABLE II 


Layer number 
3 a 5 
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can be placed in this layer (n = 18 for R, = 4.747). 
Similarly, successive rings of 24, 30, 36, 42 units, 
etc., are determined. 

B—Core of 3 Units 


R = 2.115 R. = 0.115 


and 


Two possible structures are feasible in this in- 
stance, although the first is perhaps somewhat more 
realistic since it does not require loose packing in 
the layer next to the core. If, with a core of 3, 
9 units are used, a slight distortion is required, 
since the value of R,. (for n = 9) is found to be 
1.924, which is slightly less than the desired value 
of 2.115. Should 10 units (which is the alternative) 
be employed, then R, (n = 10) equals 2.236, which 
is closer to the desired value, but larger than it by 
approximately 6%; this excess is small enough, 
perhaps, to be neglected. If the first layer is com- 


Fic. 9. 75-filament viscose yarn, showing approxima- 
tion to a 3-unit core with 4 outer layers. Low twist in 
the yarn makes for a loose, open packing. 


posed of 9 units, the further layers will contain 
15, 21, 27, 33, 39, 45 units, etc. If the first layer 
contains 10 units, then successive layers will be 
made up of 16, 22, 28, 34, 40, 46 units, etc. The 
successive difference between layers in either of 
these cases, as also for example A, is found to be 
6 units. 

C—Core of 5 Units 


R = 2.701 R. = 0.701 


By using the same technique as for the previous 
cases, it will be found that the successive layers will 
be composed of 11, 17, 23, 29, 35, 41, and 47 units. 

Certain simple cases of close packing are shown 
in Figure 7A. The core is shown in black in each 
case. The single-unit core corresponds exactly to 
open packing. For other cores, each successive 
layer will have 6 units more than the preceding one. 
For the 2-unit core there will be 8 units in the first 
layer, 14 in the next, etc. Similarly, a 3-unit core 
will have 9 units around it, followed by 15, 21, 27, 
33 units, etc. 

With the exception of the single-unit core (which 
will be surrounded by 6 units for either close or open 
packing), all successive layers of this construction 
and all other constructions involving multiple cores 
will have a successive difference of 6 units between 
layers, and, hence, the geometry of the structures 
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is amenable to treatment as an arithmetic pro- 
gression. Hence, the usual formula for the sum of 
the terms of an arithmetic progression applies: 


dn? — dn + 2an = 2(S), 


where S is the ply of the yarn; d is the common 
difference (6); a is the number of units in the core; 
n is the number of layers, including the core. 

From Table II we see that the 75-ply yarn is 
composed of a core of 3 units surrounded by 4 
layers—or 5 layers in all (see Figure 9): 


6n? — 6n + 6n = 150 
n? = 25 
n = 5. 


Even for a single-unit core, a close approximation 
for n is For example, take S = 61. 
From Table II, m is seen to be 5. 1 and 
d = 6, then 


obtained. 
Since a = 


3n? — 2n — 61 = 0 
n = 4.85, 


which rounds off to 5, the nearest whole number. 


Theoretical Considerations Due to Packing 


It is seen from Table II that if 200 units are 
considered for simplicity, then there are only 15% 
of the combinations from 1 through 200 which are 
at all stable—z.e., which will form a reasonably 
round under normal conditions and which 
therefore will form a yarn tending definitely to be 
round and compact. Since cores of 2, 4, or 6 units 
will be unstable or tend to flatness, only the 1-, 3-, 
and 5-unit cores are treated in Table II. 
Figures 6 and 7.) 


core 


(See also 
For certain uses—for example, 
in embroidery yarns or where high covering power 
is required in a fabric—the optimum yarn will be 
of the flat type, and the so-called unstable struc- 
tures are satisfactory. Since a core of 2 units 
theoretically requires a surrounding layer of 9 units 
(for open packing), the structure will be unstable, 
since 9 units will surround a 3-unit core perfectly 
for close packing and nearly so for open packing. 
(See Figure 6.) Figure 7A shows the 2-unit core 
construction with 8 units surrounding it in perfect 
close packing, but this yarn is inherently flat. 
Similarly, a 4-unit core is unstable and flat for 
either type of packing. A 6-unit core is shown in 
several configurations in Figures 6 and 11B; in the 
latter figure, where close packing is shown, the 


TEXTILE RESEARCH JOURNAL 


structure will be similar to the 3-unit core yarn. 
For open packing, however, a flat yarn will result. 

The need for compound structures of the nature 
of cords is apparent. Consider the 15-ply struc- 
ture. Conceivably it could be made up of a core 
of 5 units surrounded by 10 units. Reference to 
Table I shows that there is a differential of approxi- 
mately 20% between the core radius for n = 10 
(2.236) and the desired core radius of 2.701. 
is far too great for good packing. 


This 
Another possible 
combination is a core of 4 units surrounded by 
11 units, but the differential here is about 50%. 
Obviously, a structure having a core of 3 units 
surrounded by 12 units, or a core of 2 surrounded 
by 13 verge on the absurd if the yarn is to have any 
reasonable degree of compactness. If, however, a 
15-unit cord structure is postulated we have two 
possible combinations. One is made by taking five 
3-ply yarns and twisting them, which, as in all 
5-unit combinations, tends to some flatness, or by 
taking three 5-ply yarns and twisting them together 
(see Figure 10). The latter is a frequently used 
combination for tire cords and is very much better 


than a 15-ply yarn. Table | provides a valuable 


guide to effective combinations for any desired pur- 


Fic. 10. Three 5-ply yarns forming a typical tire-cord 
construction. Note that the fibers near the center of the 
cord lie at a steep angle with the cord axis and cannot be 
sectioned normal to the fiber axis. Note also tendency to 
sector packing of singles into ply. 
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pose prior to actual spinning and twisting of the 
yarns. It can obviate the expensive and time- 
consuming trial-and-error procedure which has been 
so common in the past and which still persists. 

Structural considerations pertinent to continuous- 
filament yarns are also of interest. (See Figure 
11A.) Table II shows that the numbers of fila- 
ments used in commercially available continuous- 
filament yarns of rayon which are in exact agreement 
with stable combinations are 13-, 19-, 75-, and 120- 
filament constructions. They represent about 10% 
of those listed. The most frequently occurring 
commercially available yarns contain 40, 60, and 
120 filaments, respectively. Of these, only the 120- 
filament yarn is in exact agreement with Table II, 
but the 60-filament yarn is very nearly equivalent 
to the 61-filament stable construction, which has a 
single-unit core and 4 surrounding layers. On the 
other hand, the 40-filament yarn is 3 units away 
from the nearest stable combination (37-filament) 
and will tend to flatness. Of the 119 yarns listed, 
the 120-filament occurs nine times, the 75-filament 
occurs three times, and the 19- and 13-filament 
yarns only once each. Not much can be done by 
present methods of manufacture to control the exact 
number of fibers in the cross section of the staple 
yarns, but continuous-filament yarns can be con- 
trolled in this respect. 


Fic. 11A. 3-ply, 102-filament nylon yarn. Fairly stable 
structure in singles and stable structure in ply. 
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Importance of Placement of Units in Blending 


Blending of different fibers into yarns is becoming 
of increasing importance as more and more infor- 
mation about the physical and chemical properties 
of fibers becomes available. It should be possible 
to combine several different kinds of fiber in a yarn 
to obtain optimum service of the yarn or the fabric. 
Just as we have progressed beyond the all-stone 
cave dwelling through the use of a wide variety of 
building materials, so we can advance beyond the 
all-cotton, all-wool, or all-rayon yarn. Neither 
nature nor man has been content to form fibers 
from a single element; rather, they have blended 
(chemically) a number of different elements to get 
the results desired. We do not have all-carbon or 
all-sulfur fibers, and certainly not fibers composed 
wholly of oxygen, hydrogen, or nitrogen. Yet wool, 
which is a most versatile fiber, is made up of a 
combination of all of these elements. Perhaps at 
some time in the future we will be able to put indi- 
vidual fibers into a yarn at exactly the right places 
along and across the strand. 

Present drafting systems handle groups of fibers 
rather than individual fibers and have difficulty in 
doing even this. The cross sections of 200* cotton 
yarn shown in Figure 12 are 744 thick and are the 
first, eleventh, twenty-first, thirty-first, forty-first, 


Fic. 11B. 6-ply balanced cotton yarn. Note flatten- 
ing of outer yarns due to radial forces set up by twist in 
an unstable structure. 
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and fifty-first of a series of fifty-one sections. (The 
technique used for embedding the yarn and for 
sectioning will form the content of a subsequent 
paper.) They are taken at uniform intervals along 
a length of yarn representing approximately 4 yarn 
diameters. They are not mounted with sufficient 
care to show the exact degree of rotation of the yarn 
about its axis, although several techniques are pos- 
They are intended rather to 
show the placement of fibers relative to each other; 
to show how few fiber-to-fiber contacts there are in 
such a length of yarn; to show how much air is 
included in the body of the yarn; and to show some- 
thing of the behavior of flexible fibers as compared 
to those which are more rigid. Two 
fibers are indicated by arrows in each section. 


sible for doing this. 


immature 
One 
remains essentially in the same place in all sections, 
but the other (lower right in the first section) moves 
out of the body of the yarn and will eventually be 
out of control by the body fibers and will become 
a projecting fiber such as those shown in Figure 13. 
A large, fairly mature fiber is shown cross-hatched 
in each section. Other, smaller, and (because of 
thinner walls) more flexible fibers tend to wrap 
around it in varying arrangements from section to 
section. The cross-section size and shape of each 
of the fibers alters somewhat from section to section 
along the fiber. It may well be that several fibers 
disappear (their ends are reached) and others take 
their places as the sections progress. Serial sections 
of blended yarns and of compound structures should 
be productive of much important information. 


Corkscrew and Tendril Effects 


Progress can be made by utilizing existing manu- 
facturing equipment in the matter of combining 


fibers if plied yarns and cords are considered. Such 


Serial sections {at 75 w intervals) of a 
200° cotton yarn. 
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Fic. 13. Uncontrolled fibers projecting from the 


body of the yarn. 


constructions will not be cheaper, but they may be 
much more satisfactory than present yarns of all 


one kind of fiber. For novelty yarns, of course, 


such procedure has been commonplace for many 


years. Whether the yarn be novelty or ordinary, 
the concepts of “‘tendril’’ and “‘corkscrew,’”’ as de- 
fined here, are important. The units composing 
the outer layers of any core-yarn will ‘“‘tendril’’ 
about the core and about the successive pseudo- 
As indicated in Figures 7A and 8 the pseudo- 
core is that part of the yarn within any given layer 
beyond the first. Tendril, then, involves placement 
and angle of twist. 


cores. 


The greater the latter with 
respect to the main axis, the greater the tendril. 
“Corkscrew,’’ on the other hand, is a matter of 
relative length as a result of placement and tendril. 
The further away from the core and the greater the 
tendril, the greater will be the difference between 
the length of the strand under consideration and 
the length of the axis of the yarn as a whole. Ifa 
plied yarn is properly supported, with one end held 
in a rotating jaw, then it may be untwisted into 
its several components and the length of each meas- 
ured or noted directly on a chart. If the core yarn 
of a single-unit core is under somewhat greater 
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tension consistently than are the other units, or if 
it is stiffer (or perhaps somewhat larger in diameter) 
than the others it will maintain its position as a 
core indefinitely, and when the yarn is untwisted 
it will be shorter than the remaining units. Those 
yarns which form any given layer consistently will 
tend to be of the same length and longer than the 
core. If comparison is made between the average 
length of the yarns in any layer and the core, this 
can be taken as a measure of the degree of ‘“‘cork- 
screw” existing. Evidently, here is a technique 
which, in the absence of microscopic equipment and 
facilities for cross sectioning, gives certain informa- 
tion of interest as to structure and arrangement of 
yarns in layers about the core. If significance tests 
are made statistically upon the data from a number 
of tests on a given yarn, the number of units in core 
and successive layers can be determined, and if the 
variation of length within a layer is great, then this 
becomes a measure of departure from a theoretically 
perfect structure. Further, an analysis of variance 
gives information as to variations within and be- 
tween layers and within and between yarns together 
with possible interactions. 

Theoretically, the length of a strand twisted 
about another strand which, in turn, is twisted 
about another to make a cord, is of interest. Chow 
[1] has worked out the formula for this case, and, 
although its immediate interest is theoretical, it has 
the advantage of accounting for tortuosity, which 
other methods of determination do not. It takes 
the form: 


For ply: 
C=2nT cosec Q[r?+a? sin Q(A+cos Q)? }!; 
For cord: 


Gece ot tan*Q| ( 7. te ) secQ+cosQ 


r 


C'= 


a 


are ‘ Riis ‘ 
If C’ is plotted against a’ it decreases rapidly up 


Poe : ; 
to about — = 5, and then remains substantially 
a 


constant. 

In these equations C is the length of a single to 
make 1 in. of composite; 7 is the turns per in. in 
the ply; Q is the angle between the single and ply 
axes; 7 is the plied-yarn helix diameter; @ is the 
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single-yarn helix diameter; \ is a coefficient, equal 


to |(- = - 1) sec Q| ; 


For a balanced strand the relationship is correct. 
For unbalanced constructions it is true if the follow- 
ing inequality holds: 

S" r r? lets 
sin? QO +— < 4/2 ? + (A + cos Q)* sin? Q. 
a a 

Fair approximation to the length of a single to 
form a given length of ply may be obtained by the 
approximate relationship: 


% twist contraction due to plying 


= (100)(1 — cas Q), 
% extension upon untwisting = (100)(sec Q — 1). 


Concept of Helix Diameter and the 
Structural Coefficient k 


It is apparent that the concept of helix diameter 
is important. It may not always be possible—in 
the absence of proper equipment, or because of lack 
of time for sectioning procedures—to obtain a direct 
measure of helix diameter from the cross section. 
A means of determining it from direct diameter 
measurements is desirable. This can be done if a 
coefficient representing the ratio of helix diameter 
to circumscribed circle diameter, k, is used. It can 
be shown that the following equation holds for open 
packing and is a good approximation for close 
packing, where all the units in a layer do not lie 
with their centers on the helix circle. 


Mee pees 


OTe iy 
1 + sin : 


N 


where N = 
sideration. 


number of units in the layer under con- 

For a 2-ply yarn, N = 2andk = 0.50; 
for a 3-ply yarn, N = 3 and k = 0.53; for a 7-ply 
yarn, N = 6 and k = 0.67, N = = and k = 1.00, 
N = 1 and k = 1.00. 

Coefficient k varies from 0.50 to 1.00; the latter 
is the case of a single if it is considered as forming a 
yarn composed of an infinite number of fibers. In 
practice, k approaches 0.90 to 0.95 for ordinary 
singles, but may be computed with greater precision 
if the number of fibers in the outer layer of the yarn 
is known. 
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Empirical values of & are also possible of deter- 
mination. From Figure 8: 


at D =$ 

where D is the diameter of the yarn, and d is the 
diameter of the unit composing the yarn. Both of 
these diameters are measurable directly by means 
of the microscope. 

Since the determination of twist per in. in the ply 
does not involve tortuosity (the ply axis is not 
deformed into a helix but lies in a straight line in 
the twist tester), use may be made of the following 
relation derived by the author [3] if microscopic 
measurements of diameter and helix angle are also 
made: 

_ tanQ 
kD ’ 


pr = fang 
aDT 

If there is deformation in the yarn so that the 
perfect geometric structure does not exist, then k’ 
and k” will differ from k as the helix circle moves 
nearer to or further from the circumscribed circle. 
For structures of any kind, the concept of helix 
circle can be generalized as the circle which is the 
locus of all or of the majority of the centers of 
gravity of the units in the outer layer. For plied 
yarns made up of singles having originally (or after 
plying) a small amount of twist, the singles may be 
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deformed into a close approximation of a sector of 
the circumscribed circle (see Figure 10, lower right). 
Formulas for the radial location of the center of 
gravity of such sectors (or other geometric shapes) 
will be found in many handbooks. Schwarz (({4], 
p. 72) describes a laboratory device for locating the 
center of gravity of an irregular shape empirically. 

Only the more important concepts of the geom- 
etry of yarn structure have been discussed here. 
It is hoped that certain of them which were devel- 
oped some years ago will be recalled and put to use, 
and that those which have been more recently 
considered will not be forgotten, for yarns are the 
building blocks of the industry. Their structure 
and placement in more complex structures are tre- 
mendously important to research worker and textile 
manufacturer alike. 
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The Structure and Mechanical Behavior 
of Cellulose Fibers’* 


P. Herrent and A. Lude 
Centre de Recherches de la Fabelta, Tubize, Belgium 


Abstract 


The present reticular concept of the internal structure of cellulose gels is inadequate from 
several points of view. Principally, it fails to take sufficient account of purely energetic effects 
in the mechanical behavior of the gels, and is based primarily upon entropy changes. Further- 
more, the marked influence of degree of polymerization and of concentration of cellulose solutions 
upon the course of coagulation has been largely neglected. 

The structure here proposed is a double network of macromolecules—a primary network, 
formed by the assembly of meshes the knots of which are small crystallites, and the sides of which 
are bundles of macromolecules, bound more or less closely to one another through their convolu- 
tions, comprising the secondary network. This structure makes it possible to introduce into the 
system the changes in internal energy hitherto lacking. We thus obtain a better interpretation 
of the experimental facts and are able to fill in certain gaps in the former theory, taking into 
account present ideas regarding the state of aggregation of macromolecules in solutions and the 
density of the amorphous regions in cellulose. 


Structure and Mechanical Behavior knots would be greatly reduced in the second case. 
In either case, the hindrances to motion of the chains 


The structure of rubberlike substances is adequately 
described by a simple network—the sides of the 
meshes are single (monofilar) macromolecules, and 
the knots or ties are the junctions of these macro- 


would be such that uncoiling and elongation of the 
chains are hard to visualize. The specific volume is 
very little larger for the amorphous than for the crys- 
talline regions, so that the space in which the mole- 
cules can move and rearrange is very limited. 

How, then, would it be possible for the amorphous 
regions to be responsible for the elongation of cellu- 
lose fibers? The entanglement of macromolecules 
that this high density presupposes would not allow 
chains to slip over one another and to unroll from 
an initial coiled-up state to a final extended state. 
Furthermore, this reticular model does not take into 
account either the effect of degree of polymerization 


molecules. Such a model, however, is inadequate to 
account for several important properties observed in 
cellulose gels. In contrast to rubberlike substances, 
which are characterized by an amorphous structure, 
cellulose gels contain a significant crystalline portion, 
which for regenerated celluloses amounts to about 
40%. The usual reticular representation does not 
recognize the importance of this crystalline fraction. 
Either a considerable volume would have to be as- 


signed to the junction points, where a large number (D.P.) or that of cellulose concentration in the origi- 


nal viscose. Indeed, the actual D.P. of the material 
would have to be replaced, according to this view, by 
the length of segments between knots. The effect of 
concentration is discussed later. Finally, the mono- 
filar network leaves few possibilities for purely ener- 
getic phenomena to appear, but attributes virtually 
the whole responsibility for deformation to the en- 
tropic uncoiling of the chains. 


of molecules come together, or else the number of 
junction points must be regarded as large. The first 
case would correspond well with the high density of 
packing in the amorphous regions, but it is hard to 
see how an entanglement of this kind could be re- 
solved into a well-ordered crystallite. On the other 
hand, the length of segments of chains between two 


* Translated from the French by Charles H. Lindsley, aes : : 
American Enka Corporation, Enka, North Carolina. If this inadequate model of a simple network is 
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replaced by a twofold or double network, it is then 
possible to account for the phenomena of the deforma- 
tion of cellulose gels in a much more coherent and 
complete way. The primary network is an assem- 
blage of meshes linked together by little crystals at 
the knots of the system (Figure 1). 
the meshes are compound instead of monofilar (as in 


The sides of 


the old model); they are made up of bundles of 
macromolecular chains held together by secondary 
bonds that insure cohesion for the whole (Figure 2). 
These mesh sides constitute the secondary network. 
The formation of the chain bundles can easily be 
pictured if the reasonable supposition that local asso- 
ciations of macromolecules exist in concentrated solu- 
tions is granted. These associations will be all the 
more numerous and all the more stable in solution 
the greater the cellulose concentration, the higher the 
D.P., and the weaker the obstacles to close approach 
of the chains to each other. 
The effect 
of increasing D.P. is to assure cohesion between 
chains over greater and greater distances. Finally, 
whatever favors the coming together of chains will 


The effect of concentration is obvious. 


facilitate and consolidate the association of chains into 
bundles. For example, increased ripening of the vis- 
cose, by reducing the number of xanthate groups at- 
tached to the chains, will allow them to come closer 
together and to form more and more intimate bridges 
from one to another. In a work not yet published, 
the authors present evidence that these associations 
are largely responsible for the phenomena of struc- 
tural viscosity. Finally, it is these associations which 
will assure the formation of crystallites in a much 
more marked way at the moment of coagulation. 


Fic. 1. Link in the primary network. 
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Fic. 2. Bundle of chains forming the 


secondary network. 


A double network such as is here proposed ac- 
counts not only for the crystallinity of the gel and 
the high density of the amorphous regions, but also 
for variations in the shape of the stress-strain dia- 
gram in terms of concentration and D.P. 

Mechanical behavior has been studied experi- 
mentally for gels prepared according to the method 
of P. H. Hermans [1], which consists of spinning a 
viscose solution into a solution of ammonium sulfate. 
Four types of gels were studied: fresh xanthate, 
freshly regenerated hydrate, dried hydrate, and re- 
moistened hydrate. Prestretching of 25%, 50%, 
75%, and 100% applied to isotropic gels of xanthate 
or fresh hydrate gave oriented hydrates. The two 
principal factors that were varied in the preparation 
of the viscose were concentration and D.P. Differ- 
ent times of alkali aging gave different D.P.’s: no 
aging, high D.P.; aging 20 hrs. at 27.5°C, inter- 
mediate D.P.; aging 40 hrs. at 27.5°C, low D.P. 


Load-Elongation Measurements 


Measurements at constant rate of elongation have 
been made, and the load-elongation curves analyzed 
in terms of a mechanical model made up of a spring 
in series with a Voigt element (spring and dashpot 
in parallel). In the tables of data, f is the viscous 
force of the dashpot; k, is the elastic modulus of the 
spring coupled with it; and k, is the modulus of the 
single spring. These three constants have been de- 
termined from the experimental curves. Besides 
these measurements, in which the elongation did not 
exceed 10%, other measurements were carried to 
rupture in order to study the effects of D.P. and 
cellulose concentration in the viscose on the maxi- 
mum elongation of the gel. 


Properties of the Double Network 
Fresh Gels (Xanthate and Hydrate) 


In agreement with results of Hermans [2], swell- 
ing was found to decrease as D.P. or concentration 
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increased. This behavior is explained by the greater 
association between chains as either factor is in- 
creased. These associations within the solution can 
only take place by a squeezing-out, by the forces of 
attraction, of the water layers that are the least di- 
rectly attached to the macromolecules, as shown by 
Lauer [3]. The process of coagulation reinforces 
this action, so that part of the water bound to the 
macromolecules is driven out to the surface of the 
bundle. Hence, it is easy to see that swelling ca- 
pacity is reduced as the degree of association is 
extended. 


Dry Gels 


Prestretching and drying cause the molecules in 
the interior of the bundles to come still closer to- 
gether, thereby increasing the density. The increase 
in density of rayon filaments with orientation is well 
known. Unless the amount of crystalline mate- 
rial is changed, this greater density must arise from 
changes in the amorphous regions. Such an increase 
in density in the amorphous regions would involve 
greater entanglement and disorder for a gel without 
any associations already formed. But the hypothesis 
of pre-existing associations affords a much better ex- 
planation of how this primitive ordering of the macro- 
molecules can affect the deformation. Prestretching 
improves parallelization and draws the chains to- 
gether, thus favoring the formation of new bonds, as 
in the process of deswelling. Not only does the num- 
ber of bonds increase, but, also, bonds already exist- 
ing may be strengthened—for example, those which 
are of the van der Waals’ type because of separation 
may become hydrogen bonds as the chains are drawn 
together. 

In meshes made up of short chains, where the 
bundles are initially rather straight, the effect of pre- 
stretching is more pronounced than in meshes of long 
chains, where the sides are not so rigid. In the latter 
case, stretching takes place in two stages: elonga- 
tion of the bundle as a whole by reduction of the 
large convolutions, followed by elongation through 
straightening-out of the little kinks. With short- 
chain meshes, however, only the second process oc- 
curs—namely, straightening of the kinks. 

The final gel, therefore, is a network in which the 
sides of the meshes are made up of bundles of chains 
which are more or less strongly held together by 
secondary bonds of different strengths. The strong- 
est of these (hydrogen bonds) behave somewhat like 
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a spring during deformation; the weaker bonds, 
which are more easily restored after breaking, behave 
in a way analogous to viscous flow. Finally, the in- 
dividual chains within the bundle can themselves 
undergo extensive rearrangement in those portions 
between points of entanglement, this last being an 
entropy effect. The relationship between these dif- 
ferent processes are taken up in the discussion of 
the load-elongation curves. 


Mechanical Behavior of the Double Network 


Changes in D.P. result in a change either in the 
number of intermolecular associations or in the size 
of the meshes. Viscoses of low D.P. have fewer 
associations because the groups of short chains, hav- 
ing fewer strong bonds, offer less resistance to the 
repeated shocks arising from thermal agitation. A 
reduction in the number of associations results in 
greater internal disorder and, hence, in a more pro- 
nounced entanglement of chains. It is readily seen, 
therefore, that the possibilities for the chains to slip 
and uncoil are correspondingly reduced. The force 
required for deformation is therefore greater—i.e., 
the elastic modulus is increased 

The difference in size of the meshes for high and 
low D.P. is illustrated in Figure 3. For high-D.P. 
viscose, the sides are longer and consequently more 
convoluted. In the first stages of deformation, these 
convolutions disappear as a result of strain placed on 
the secondary bonds in the interior of the bundle; 
these bonds yield more readily under stretch when 
there are convolutions than when the bundles are ini- 
tially already rather stiff. Normally, therefore, a 
larger initial modulus is expected in filaments of 


low-D.P. material. As deformation continues, some 


Aigh DP 


Fic. 3. 


Low DP. 


Effect of D.P. on size of meshes. 
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of the strong, restraining secondary bonds yield, their 
number decreases, and the load-elongation curve is 
bent downward. When all the restraining bonds are 
broken, the statistical uncoiling of the chains is the 
main effect. 

The “restraining bonds” are those which, because 
of their unequal distribution between neighboring 
chains, oppose the simultaneous straightening-out of 
those chains. However, this straightening-out can 
occur even if there are strong bonds between the 
chains, provided the bonds are regularly spaced. 
The rupture of strong bonds ceases, therefore, as soon 
as they no longer act as restraints; but this happens 
only very rarely. Usually, in practice, a section of 
chain held between two bonds will attain its maxi- 
mum elongation while the adjacent section, limited 
by the same bonds but made up of more monomers, 
still has some stretch left and so can elongate further. 
The second section can continue to stretch only after 
at least one of the two bonds restraining its deforma- 
tion is broken. This behavior is made clear in Fig- 
ure 4. 

For a primary network of low-D.P. cellulose, the 
sides of the meshes are short and, consequently, the 
chains making up the bundles are also short. In this 
case then, the statistical uncoiling effect can con- 
tribute very little, and the force needed to cause a 
given elongation must be greater than when the D.P. 
is high. This is in agreement with the experimental 
observation that k, is higher for low-D.P. fibers. 

It is clear that one of the essential characteristics 
of the double-network model here proposed is to in- 
crease the possibilities for movement of the chains— 
that is, to increase their deformation potential. In 
fact, in spite of the high density of the amorphous 
regions and in spite of the restraints and obstacles 
that oppose or at least hinder the free uncoiling of 
the chains, their capacity for elongation is rather 
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Fic. 4. Stretching of chains connected by cross-bonds. 


considerable. This capacity is easily conceived in 
terms of (a) the primary and (b) the secondary 
network. 

(a) The displacement of bundles with respect to 
one another is easier than the displacement of single 
chains for three reasons. First, the surface which 
retards displacement by interaction with other sur- 
faces is considerably greater for a group of indi- 
vidual chains than for the same chains considered as 
a bundle. Secondly, since the density of bundles is 
higher than the average density, there must be more 
free space between bundles than would be found 
among the same number of macromolecules existing 
separately. Thirdly, water which originally had 
been attached to separate macromolecules but which 
had been forced to the outside when the bundles were 
formed acts as a lubricant in the inter-bundle spaces, 
thus easing the slippage of bundles past one another. 

(b) In the secondary network, the parallelism im- 
posed to some degree upon the chains presents fewer 
obstacles to their uncoiling than would a tangled state. 

One of our collaborators, Mr. Lefebvre, has re- 
cently shown (unpublished work) that if the angle 


TABLE I. 


Errect or D.P. oN ELONGATION OF 
Fresu Isotropic HypRATES 


Average elongation at break 
D.P. (%) 
High 124 
Medium 100 
Low 70 


TABLE II. Errect or D.P. ON ELONGATION OF STRETCHED, REMOISTENED HyDRATES 





Elongation at break, % 


Amount of Nondegraded* viscose 
prestretching stretched as: 
(%) Xanthate Hydrate 


0 196 196 
25 151 153 
50 69.5 114 
75 22 30 

100 8.6 10 





Xanthate 


Normal* viscose 
stretched as: 
Hydrate 


Highly degraded* viscose 
stretched as: 
Xanthate Hydrate 


103 103 94 94 
58 102 51 63 
24 46 17 

6 8 
1.7 —- 








* D.P.’s for nondegraded, normal, and highly degraded viscose are high, intermediate, and low, respectively 
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between two consecutive glucose rings is distorted, in 
any direction whatever, this necessarily implies a ro- 
tation of the rings about their C,C, axis; if they are 
distorted in the same plane as the rings, the rotation 
is at a minimum. This may be explained readily. 
In an assemblage of macromolecules this last type 
of distortion must occur most frequently, for it is the 
one requiring the least free space. Mr. Lefebvre has 
also been able to follow the evolution of a cellulose 
gel during coagulation. He has shown that this 
begins by alignment of the macromolecules side by 
side to form A, planes, and that these planes, once 
formed, pile up on each other. Such an arrange- 
ment will therefore favor a folding of the group of 
macromolecules in the bundle in the sense indicated 
above as being the easiest, if not the most probable. 
It is therefore reasonable to suppose that in the amor- 
phous regions the more the chains depart from the 
disordered state—i.e., the more they tend towards 
parallelism—the greater are the possibilities for col- 
lective deformation. The secondary network within 
the bundle is proposed as a means of making these 
ideas concrete. 


Influence of D.P. and of Concentration on 
Breaking Characteristics 


The data in Tables I, II, and III illustrate the ef- 
fect of D.P. and cellulose concentration on elongation 
and breaking strength. It is difficult to understand 
these results in terms of a simple network, but it is 
far easier in terms of the double network. For a 
simple network, increasing the concentration would 
only result in increasing the entanglement of chains ; 
while increase in D.P. would not necessarily involve 
increase in length of the meshes. The double- 
network hypothesis leads to the prediction that as 
concentration or D.P. increases, the organization of 
chains into bundles becomes more extensive and the 


length of the bundles becomes greater. A natural 


TABLE III. Errect or CELLULOSE CONCENTRATION IN 
THE INITIAL Viscose (FRESH HyDRATE) ON 
ELONGATION AND BREAKING STRENGTH 


Cellulose 
concentration 
(%) 

Cc 


Elongation 
at break Load at break 
(%) (g./m.) 
75 2.3 
75 1.6 
45 0.55 
20 0.40 
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consequence is that the tenacity and capacity for 
elongation also increase. 


Effect of D.P. on the Magnitude of the Elastic 
Moduli and the Viscous Force 


The data in Table IV show that at the beginning 
of the stress-strain curve the force of deformation is 
greater for low than for high D.P.’s. It may also be 
observed that whatever tends to reduce either the 
number of bonds or their strength reduces the magni- 
tude of (k, +k.). For this reason, other things 
being equal, the modulus is much smaller for the re- 
moistened (i.e., more swollen) gel than for the dried 
gel. Similar considerations apply to k, alone (Table 
V), and also, although perhaps to a less pronounced 
degree, to the viscous force, f (Table VI). Stretch- 
ing leads to the formation of new bonds by bringing 
the chains close together, and thus increases the inter- 
nal viscosity of the bundles. This viscosity may be 
regarded as being due in part to the breaking and re- 
formation of weak secondary bonds; its dependence 
upon prestretching is therefore easily understood. 


rABLE IV. Errectr or D.P. on THE INITIAL MopuLus 


Amount of 
prestretching (ki +k2) X 10~* dynes/cm.* 
(%) High D.P. Low D.P. 


Fresh 0 0.011 0.012 
25 0.016 0.026 
50 0.060 0.120 
75 0.084 0.460 


Gel state 


0 a 2.65 
25 - 3.60 
50 4.80 6.80 
75 .20 9.45 

100 8.70 11.05 


Remoistened 0 0.10 
25 0.08 - 


50 0.10 0.14 
75 0.25 0.38 


rABLE V. Errect or D.P. on THE MopuLus ky 


ke X 10-* dynes/cm.? 
Inter- 

mediate 
D.P. 
0.62 
1.46 


Amount of 
prestretching 
(%) High D.P. 
Dried 75 0.45 
100 0.90 


Gel state Low D P 


0.82 
1.50 


Remoistened 0 0.004 
50 0.017 


0,005 
0.047 





| 
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TABLE VI. Errect or D.P. on THE Viscous Force 
(Driep HYDRATE) 





Amount of 
prestretching fX10-* dynes/cm.? 


(%) High D.P. Low D.P. 


50 5.35 5.75 
75 6.36 7.10 
100 


Some interesting measurements of the modulus k, 
are summarized in Table VII. The difference be- 
tween values for k, in the wet and dry states is slight, 
especially for high and intermediate D.P.’s. This 
appears to be a strong argument in favor of the purely 
entropic nature of this stage of the deformation, 
which is characterized (according to the present 
hypothesis) by the disappearance of all restraining 
bonds. Whatever their separation at this point, 
therefore, no strong bonds remain to block the move- 
ment of the chains, which can unfold under the 
action of a force that is purely entropic in nature. 

By contrast, the modulus k, is much smaller in the 
wet than in the dry state (see Table VIII). This is 
readily explained by considering the degree of swell- 
ing of the gel at the time of deformation. Initially, 
most of the restraining bonds still exist and must be 
broken one after another. It is quite evident that 
these strong bonds will be more numerous in the 
dry state (where the chains are very close together ) 
than in the swollen state. Hence, it is to be expected 
that k, is smaller when the gel is wet. 

The model of a double network is particularly well 
suited to interpretation of the fact that the load- 
elongation curves nearly always have the shape shown 
in Figure 5. Beyond the yield point and before the 
final straight part the curve is bent down. As shown 
previously, the yield point corresponds to the destruc- 
tion of the secondary network by the breaking of the 


TABLE VII. Comparison OF VALUES FOR MODULUS kez 
IN Dry AND WET STATES 


Amount of stretch keX 10-* dynes/cm.? 
Viscose (%) Dry Wet 
Nondegraded 75 0.68 0.81 
100 1.34 1.4 
Normal 75 0.93 1.0 


Highly degraded 
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ELONGATION 


Fic. 5. Load-elongation diagram. 


restraining bonds. As these breaks continue, the 
load must fall to the value of the yield strength of the 
chains (an entropy phenomenon). But at this point, 
the internal friction of the chains against each other 
requires an increase in the load. 


ing phenomena are present 


Hence, two oppos- 
a fall in tension resulting 
from the rupture of secondary bonds ; and an increase 
in tension resulting from acceleration of the displace- 
ment of sections of adjacent chains. The combina- 
tion of these two effects produces the dip in the load- 
elongation curve. 

Finally, some consideration should be given to the 
meaning of the expression “entropic uncoiling of the 
chains.” It is not a question of the passage from a 
state of being curled up in a ball to a completely un- 
coiled state. Within the bundle, the chains are not 
curled up like a ball but, rather, resemble a more or 
less jagged zigzag. This zigzag will lengthen under 
tensile stress, and, therefore, according to the picture 
here presented, the dominant phenomenon will be 


TABLE VIII. Comparison or VALUES FOR MopULus ; 
IN Dry AND WET STATES 


Amount of stretch ki X 10-8 dynes/cm’*. 

Viscose (%) Dry Wet 
Nondegraded 50 4.46 0.12 
75 8.48 0.24 


Normal 50 7.45 0.21 
75 10.56 0.23 
90 11.80 0.32 


Highly degraded 25 . 0.13 
50 ; 0.15 
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This be- 
havior has the following consequences: the force re- 


rotation in the plane of the glucose rings. 


quired for a given elongation will be proportionally 
greater for a macromolecule than for a curled-up ball 
uncurling without restraint; also, the elongation that 
can be attained is accordingly smaller. 


Summary 


The mechanical behavior of cellulose gels is ex- 
plained in terms of a double-network structure. In 
the primary network the knots are small crystallites 
and the sides of the meshes are bundles of chains. 
The secondary network consists of bundles of chains 
bound together by secondary bonds. 

An explanation is offered for the effects of D.P. 
and cellulose concentration on the shape of the load- 
elongation curve and on the magnitude of these quan- 
tities at rupture. 
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The proposed structure permits a more satisfactory 
explanation of the variations in internal energy ac- 
companying all deformations of cellulose gels. 
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The Oxidation of Cellulose by Chromium Trioxide— 
A New Method for Determining Accessibility 


Ronald E. Gleggt 


Contribution from the Department of Industrial and Cellulose Chemistry, 
McGill University, Montreal, Canada 


GLappiINnc AND PURVES [5] observed that 
chromium trioxide in an acetic acid-acetic anhydride 
mixture rapidly oxidized dry, swollen cotton linters, 
hardly oxidized dry, unswollen linters, and did not 
oxidize dry, powdered starch appreciably. It thus 
appeared that as a non-swelling system the anhydrous 
chromium trioxide solution was sharply limited in its 


* This report is based on a talk presented by the author at 
a meeting of The Fiber Society, Lowell Textile Institute, 
Lowell, Mass., Sept. 8, 1949. 

+ Department of Anatomy. 


action to the accessible cellulose. This observation is 
the basis of the following method for measuring the 
accessibility of cellulose. 

Similar to most of the previous chemical methods 
of estimating the accessible fraction of cellulose [2, 
3, 4, 6, 8, 9], the possibility of developing this method 
was based on the assumption that the chromium tri- 
oxide would be responsible for a rapid oxidation in 
the accessible regions of the cellulose, followed by a 
slower reaction in the crystalline regions. 
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Experimental 
Solvents 


Alcohols were dried with magnesium and after- 
wards were redistilled. Acetone was purified by 
heating under reflux with potassium permanganate 
and distilling. Acetic acid and acetic anhydride were 
purified by boiling under reflux with chromium tri- 
oxide, followed by distillation in vacuo. Thiophene- 
free benzene was dried by heating over metallic so- 
dium and distilling, and was stored over sodium wire ; 
diethyl ether was treated in the same way. 


Preparation of Cellulose Samples 


Cellulose, in the form of high-grade cotton linters, 
was dewaxed by extracting in a large Soxhlet appa- 
ratus for 2 days with a mixture of alcohol and ben- 
zene (2 vols. to 1 vol.) having a constant boiling 
point of 76° C. Fats, waxes, and other soluble im- 
purities were thereby removed. The cellulose was 
then taken from the Soxhlet apparatus and allowed 
to dry in the air. 

The air-dried linters were swollen according to 
the method described by Richter and Glidden [10]. 
The cellulose was soaked in a 10% solution of sodium 
hydroxide at O°C for 2} hrs., after which the mixture 
was neutralized with an equivalent amount of 10% 
prechilled acetic acid and allowed to stand for 15 
min. at O°C. The cellulose was then recovered by 
filtration, and was immersed in a second portion of 
prechilled 10% acetic acid and allowed to stand for 
an additional 15 min., after which the cellulose was 
again recovered by filtration and thoroughly washed 
with distilled water until the wash water was neutral 
to litmus. 

The wet mass of swollen linters was dried by a 
process of solvent-exchange, consisting of four ir- 
mersions for }-hr. periods in anhydrous methyl alco- 
hol followed by four similar immersions in anhy- 
drous, thiophene-free benzene. Care was taken to 
ensure that the cellulose was always completely wet 
with liquid. The cellulose, wet with benzene, was 
placed in a desiccator containing small pieces of 
paraffin wax, which proved very efficient in removing 
the benzene. The desiccator was evacuated from 
time to time with a water pump which was connected 
through a calcium chloride drying tube in order to 
protect the desiccator and its contents from water 
vapor. After a few days, when only a small amount 
of benzene remained in the cellulose, the liquid was 
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removed in the vacuum of an oil pump at room tem- 
perature, using phosphorous pentoxide as_ the 
desiccant. 

The cellulose was then stored in a desiccator con- 
taining concentrated sulfuric acid at atmospheric 
pressure since this acid is appreciably volatile at 10 
mm. pressure [7]. The cellulose was not used for 
2 or 3 weeks, when its weight had ceased to decrease. 

The cellulose samples used in the present work 
were prepared from cotton linters in the manner de- 
scribed below. 

Samples /, //, and /// were highly swollen samples 
obtained at different times by using the technique of 
swelling described above. Samples JV and V were 
obtained by allowing portions of a highly swollen 
sample to absorb 3.80% and 11.60% water vapor, 
respectively, and then drying directly by allowing 
them to stand over concentrated sulfuric acid in a 
desiccator until they attained a constant weight. 
Sample V/ was obtained by allowing a portion of 
sample J] to absorb 7.78% water vapor, followed by 
direct drying in the manner used for samples /V and 
V. Sample V'// was unswollen, dewaxed cotton lin- 
ters dried by solvent-exchange using anhydrous 
methanol and benzene. 


Chromium Trioxide Oxidation 


The chromium trioxide solution was made up in 
a mixture of acetic acid-acetic anhydride (4 vols. to 
1 vol.). The acetic anhydride was added to ensure 
the absence of water, which, if present, might result 
in swelling the samples of cellulose beyond their 
original condition. 

A suitable weight of chromium trioxide was 
weighted into 50 cc. of the mixture, and after solution 
the volume was made up to 250 cc. with the acetic 
acid-acetic anhydride. Typical concentrations of 
chromium trioxide, and ratios of chromium trioxide 
to cellulose are given in Table I. The solution was 
standardized against sodium thiosulfate of known 
normality in the following manner: 5-10 cc. of the 
chromium trioxide solution was diluted with distilled 
water to 25 cc.; 1 g. potassium iodide was then 
10% acid. 


The liberated iodine was then titrated with sodium 


added, followed by 5 cc. of sulfuric 
thiosulfate, using starch solution as the indicator. 
A light green coloration was obtained due to the 
presence of chromous ions, but this was not sufficient 
to interfere with the starch iodide end point. 
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Wt. of dry 
Cellulose cellulose 
sample (g.) 


I 0.6309 


Conc. of CrOs 
(g. CrOs per 
200 cc. solution) 


0.2040 


II 0.5732 1.815 

0.4579 
b 0.2376 
c 0.1274 


0.6787 
1.029 
1.283 


IVa 0.2786 
b 0.3444 


1.098 
0.6814 


Va 1.0420 
b 1.0450 


1.080 
0.8355 


Via 0.3986 
b 0.4336 


VII 5.8548 








Moles CrO, per glucose unit in 
entire sample 
Consumed by 
accessible portion 
(extrapolated 
value) 


0.31 


Ratio of CrO;* 
to cellulose 


0.323 


In solution at 
zero time 


0.524 


3.166 5.13 0.58 
1.482 
4.331 


10.07 


0.52 
0.54 
0.53 


3.942 


3.942 0.21 
1.978 


0.18 


1.036 
0.799 


0.05 
0.05 


2.814 56 
1.943 3.15 


0.31 
0.31 
0.047 


0.076 0.003 


a, b, and ¢ refer to different experiments on the same sample of cellulose in which the ratio of chromium trioxide concen- 


tration to the weight of the cellulose was varied. 


* Concentration of CrO; (g. CrO; per 200 cc. solution) divided by weight of dry cellulose (g.) 


A suitable amount of dry cellulose (depending 
upon the accessible surface of the material) was 
weighed out in a weighing bottle fitted with a ground- 
glass stopper, which was used to avoid adsorption 
of moisture. The cellulose was then transferred as 
quickly as possible into a ground-glass-stoppered 
Erlenmeyer flask containing 200 cc. of the chromium 
trioxide solution; the moment of introduction was 
taken as zero time for the reaction. The reaction 
flask was placed in a constant-temperature bath at 
20° C and was shaken regularly to ensure mixing of 
the reagent and the cellulose. Aliquots of 5-10 cc. 
of the supernatant solution (depending upon the 
strength of the chromium trioxide and sodium thio- 
sulfate solutions) were pipetted out of the reaction 
flask from time to time, and the concentration of 
chromium trioxide was determined by a sodium thio- 
sulfate titration in the manner described above. The 
chromium trioxide used up by the cellulose could 
therefore be calculated at any time. Preliminary ex- 
periments on the chromium trioxide solution showed 
that its sodium thiosulfate titer decreased to only a 
very small extent on standing. 


Results 


Swollen and unswollen cotton linters were oxidized 
using chromium trioxide solutions (200 cc.) of vari- 


ous concentrations and various ratios of chromium 
trioxide to cellulose. These data are given in Table I. 

The results obtained on oxidation of the 7 samples 
are plotted in Figures 1 and 2 as moles of chromium 
trioxide reduced per glucose unit vs. time. The 
curve for sample VJ] (Figure 2) represents the ac- 
tual results obtained multiplied by 10. The values 
obtained by extrapolation to zero time represent the 
moles of chromium trioxide reduced per glucose unit 
in the accessible regions of the cellulose. 


Table I. 


These 
values are shown in 


Discussion 
Effect of Chromium Trioxide Concentration 


It can be seen from the plots for samples ///, IV, 
V, and VI (Figures 1 and 2) that the relative posi- 
tions of the oxidation rate-time curves obtained for 
any sample are greatly dependent upon the moles of 
chromium trioxide per glucose unit present in solu- 
tion at zero time. However, the general form of the 
curves is not altered by great variations in the con- 
centration of the chromium trioxide solutions or in 
the ratio of chromium trioxide to cellulose, the curves 
all showing an initial region of relatively high slope, 
which then falls off to one of lower slope. The 
general form of the curves is characteristic of hetero- 
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100 120 140 160 
REACTION Time IN MINUTES 
Fic. 1. Plot of moles CrO, reduced per glucose unit 
in entire cellulose samples (cotton linters) against re- 
action time ; extrapolated to sero time. 
out in acetic acid-acetic anhydride. 


Reaction carried 


geneous reactions of cellulose in which the accessible 
portion reacts much more rapidly than the crystalline 
portion. 

Because of this retention of general curve form 
the amounts of oxidant extrapolated to zero time 
for any given sample show good agreement among 
themselves (see also Table I). This agreement is 
as good or better than that usually obtained in ex- 
periments designed to measure the accessible fraction 
of cellulose. It must be emphasized that reasonable 
manipulation of the extrapolations would reduce the 
agreement to the order of + 10%, which is, accord- 
ingly, the order of accuracy that can be claimed. 


Measurement of Accessibility 


Samples /, //, and //] were different swollen sam- 
ples prepared by the method described above. They 
consumed 0.31, 0.58, and 0.52 moles of chromium 
trioxide per glucose unit, respectively. 

Samples /V and lV’ were prepared by reducing the 
swollen state of a highly swollen sample by direct 
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Fic. 2. Plot of moles CrO, reduced per glucose unit 
in entire cellulose samples (cotton linters) against re- 
action time ; extrapolated to sero time. Reaction carried 
out in acetic acid-acetic anhydride. 





removal of 3.80% 
spectively. 


and 11.60% absorbed water, re- 
The expected result is that both samples 
should show an accessibility less than those of sam- 
ples J, /I, and ///; furthermore, sample V’ should 
This ex- 
pectation is fully borne out by the fact that sample /” 
consumed 0.20, and sample I’, 0.05 moles of chro- 


have a lower accessibility than sample /I’. 


mium trioxide per glucose unit. 

Sample ’/ was prepared by reducing the accessi- 
bility of sample // by means of direct removal of 
7.78% absorbed water. The amount of chromium 
trioxide consumed per glucose unit was reduced from 
0.58 moles in the case of sample // to 0.31 moles for 
sample V1. 

Sample l’//, an unswollen, dewaxed preparation, 
consumed the smallest amount of chromium trioxide, 
equivalent to 0.003 moles per glucose unit. 

These results indicate that the chromium trioxide 
method is highly sensitive to different degrees of 
swelling or accessibility of the cellulose samples. 

The method operates over a wide range, as shown 








TABLE Il 





Moles CrO; 
per glucose 
unit consumed 
in accessible 
region 


Accessible 
fraction 
(thallous ‘ 
ethylate __ Moles CrO;* 
method) 


I 0.34 


Cellulose 


sample Accessible fraction 


0.90 
II ‘S 0.38 1.5 


0.40 
0.40 
0.40 


).35 0.60 
0.35 0.50 
0.05 1.0 
0.05 1.0 


0.33 
0.33 


0.94 
0.94 
0.003 


0.005 0.60 


Arithmetic mean 0.99 


* Moles CrO; per glucose unit consumed in accessible region 
divided by the accessible fraction as determined by the 
thallous ethylate method. 


by the 200-fold increase in the consumption of chro- 
mium trioxide from 0.003 moles for the unswollen 
sample V/I to 0.58 moles for the highly swollen 
sample /T. 

This oxidation method possesses the following 
advantages over previous chemical methods for meas- 
uring the accessibility of cellulose : 

1. It is simple, straightforward, and can be com- 
pleted within a 3-hr. period. 

2. It does not involve the use of any complicated 
apparatus or techniques, and can be carried out at 
ordinary temperature and pressure. 

3. It is free from the disadvantages of having to 
adhere to a certain fixed and carefully defined set of 
experimental conditions, which usually limit the 
amount of cellulose or reagent permissible during 
the reaction. The only necessity is to choose a 
suitable weight of cellulose and appropriate concen- 
trations of chromium trioxide and sodium thiosulfate 
solutions which give satisfactory volumes for the 
titration differences at fairly short intervals of time. 

4. The method operates in a non-swelling solvent 
which is not sensitive to water vapor absorbed from 
the atmosphere. 


147 


5. Even an unswollen sample can be investigated 
by this method. It is highly probable that hydrolysis 
methods operating in water are incapable of meas- 
uring accessibility of this low order due to the 
swelling effects which occur during the process. The 
thallous ethylate method of Asaaf, Haas, and Purves 
[1] requires modification in order to give an accu- 
rate measurement of the accessibility of unswollen 
samples. 


Degree of Correlation Between the Chromium Tri- 
oxide Method and the Thallous Ethylate Method 


The accessibility of the samples used in the present 
work was determined by the thallous ethylate method 
of Assaf, Haas, and Purves [1]. These results are 
given in Table II along with the moles of chromium 
trioxide per glucose unit consumed in the accessible 
portion. The ratio of moles of chromium trioxide 
used to the accessible fraction as measured by the 
thallous ethylate method are also given in Table IT. 

The results obtained indicate a fairly good corre- 
lation between the chromium trioxide and the thal- 
lous ethylate methods. This correlation is more 
striking when the following points are considered : 

1. The thallous ethylate method involves a substi- 
tution of hydroxyl groups and the chromium tri- 
oxide method is based on an oxidative reaction. 

2. The agreement between the two methods holds 
over what seems to be a 200-fold range of accessibil- 
ity from the unswollen sample VJ] to the highly 
swollen sample /7/. 

It is interesting to point out, without placing any 
significance on the fact, that except in the case of 
samples JJ and Jb the moles of chromium trioxide 
consumed by the accessible fraction are very nearly 
the same in numerical value as the accessible frac- 
tions as measured by the thallous ethylate method. 


Summary 


The oxidation of cellulose by chromium trioxide 
in acetic acid-acetic anhydride solution takes place 
at an initial rapid rate, which slows down suddenly. 
The initial rapid reaction is attributed to the ac- 
cessible fraction of the cellulose. A highly swollen 
cellulose sample consumed 200 times as much chro- 
mium trioxide as an unswollen sample. The oxida- 
tion data can be used to give an indication of relative 
accessibilities. The method shows a fairly good cor- 
relation with the thallous ethylate method over a 
200-fold range of accessibility. 
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The Orifice Test as a Method for Studying Closing 
Capacity of Cotton Fiber in the Raw State 


Lorraine W. Scott,* Daniel J. Barrett,j and Mary L. Rollins 


Southern Regional Research Laboratory,i New Orleans, Louisiana 


Resea RCH on the design, manufacture, and test- 
ing of swelling-type, water-resistant fabrics is based 
on the fact that cotton fibers on becoming wet swell 
and close up spaces between fibers and yarns, thus 
rendering the material resistant to seepage by sealing. 
The orifice test was developed by Smith, Murphy, 
and Goldthwait [5] as an empirical method for com- 
paring closing capacities of yarn samples from differ- 
ent cottons when subjected to a flow of water under 


pressure. This test successfully ranks cottons with 


* Present address: Box 17, Luling, La. 
+ Present address: 915 Franklin St., Gretna, La. 


t One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 


U. S. Department of Agriculture. 


respect to their closing capacities on the basis of the 
amount of water which seeps through comparable 
weights of yarn, and its validity has been confirmed 
by water-resistance tests on corresponding fabrics. 
Since the spinning of a particular yarn to be tested 
in the orifice-test machine is time-consuming, and 
often inconvenient, the present study was begun to 
investigate the adaptability of this test to cotton in 
the fibrous form in order to facilitate the prediction 
of water-resistance without the necessity of spinning 
yarns. 

It was found that there is a close correlation be- 
tween the seepage of water through bundles of loose, 
paralleled, but unspun fibers and the seepage through 
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yarns made from the same cottons; and that in the 
case of both yarns and bundles, immature fibers are 
much more effective in stopping the passage of water 
through the orifice than are like samples of mature 
fibers. 


Also, it was shown that in a given weight 
of immature cotton there are nearly twice as many 


fibers as in an equal weight of mature fibers of the 
same variety, and that the greater number of fibers 
results in a much finer subdivision of interfiber spaces, 
which tends to retard the flow of water. It was 
found that there is good correlation between specific- 
surface measurements, by air-flow techniques, for 
fineness of fiber and the orifice-test measurements of 
water seepage, indicating that the size and number 
of fibers are important factors in the water-resistance 
of yarns or fiber bundles. Study of the swelling be- 
havior of fibers in the orifice showed that differences 
in water seepage under pressure through tightly 
packed fibers is not entirely or directly determined 
by the swelling capacity of the fibers. 

A method was devised for determining the effective 
amount of air space per unit weight of the fiber in 
the orifice, and this, too, was found to influence the 
resultant seepage of water. 


Materials 


For comparison of orifice-test results on unspun, 
parallelized fibers with those obtained in tests on 
yarns, 11 samples of raw cotton were used, represent- 
ing both fine- and coarse-fibered types. They were: 
Rowden; Acala 1517 (Bollies, Verticillium infected, 
and Well-grown samples) ; a fourth sample of Acala 
1517 of commercial origin; Empire; Santan Acala 
(both mature and immature samples); Wilds 13; 
and 2 samples of American Upland cotton of un- 
known varieties, but representing extreme degrees of 
maturity, and referred to, for convenience, as “com- 
mercial cotton, mature” and “commercial cotton, im- 
mature.” These 11 samples were also used for air- 
flow measurements in comparison with orifice-test 
results. 

In detailed studies of the factors involved in the 
orifice test, samples of each of 5 different varieties of 
cotton were separated into mature and immature 
fractions by the differential-dyeing technique of Gold- 
thwait [1], and were then compared as separate sam- 
ples in the orifice test. The varieties represented in 
these studies were: Rowden; Empire; Acala 1517 
(both Bollies and Well-grown samples) ; Sea Island, 
Special; and Sea Island, Seaberry. The Sea Island, 
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Special, was an exceptionally coarse cotton, being 
more like Rowden in cross section than like the finer 
cottons, while Seaberry was as fine as the average 
commercial Sea Island cotton. The first 4 samples 
from this list were also used for investigating the 
“restricted swelling” inside the orifice of the brass 
sample plug used in the testing machine. 


Methods 
Apparatus and Technique 


The orifiice-test apparatus of Smith, Murphy, and 
Goldthwait [5] was used for these tests on fiber, but 
the water pressure was reduced from 50 to 5 lbs. per 
sq. in. The brass plug as described by them was 
also modified to accommodate bundles of fibers in- 
stead of yarn. The original brass cylinders the inner 
bore of which was 3.2 mm. and the length of which 
was 8 mm. were cut to a length of approximately 
2.83 mm. and the upper edges slightly dulled to avoid 
any cutting of the fibers as they were pulled into the 
orifice of the plug. 

A special procedure had to be developed for han- 
dling samples of loose fiber. Small tufts of cotton 
were cleaned by hand carding and were then paral- 
lelized by hand combing and conditioned to standard 
humidity (65% R.H. at 70° F). A small pinch of 
parallelized fibers was laid in the slot, A, of the cut- 
ting device (Figure 1), and, with the top, B, of the 
device in place and the screws inserted securely, the 


Fic. 1. 
test. 


vice. 


Preparation of parallelized fibers for orifice 
A—Tuft of combed fibers in slot of cutting de- 
B—Tongue of cutting device. C—Bundle of 
2-cm. lengths of fibers weighed to 0.061 g. ready for pull 
ing into the orifice by means of nylon loop. D—Brass 
orifice plug modified for accommodation of bundles of 
fibers. 
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ends of the fibers which extended out from the device 
were cut off with a razor blade. In this manner all 
the fibers were cut to a 2-cm. length. The sample 
was removed and weighed to 0.061 g., which, calcu- 
lated on the basis of a fiber density of 1.5, should 
allow 48% air space in the orifice. A piece of nylon 
yarn was then looped about the center of the fiber 
bundle, C, to be used for pulling the sample into the 
orifice of the plug, D. The 8 modified brass plugs 
were loaded in this manner, inserted into the 8 open- 
ings of the testing machine (Figure 2), and subjected 
to water under 5 Ibs. per sq. in. pressure for periods 
To insure rapid wetting, distilled water 
containing 0.1% The 
water, which seeped through the 8 filled orifices, was 


of 10 min. 
wetting agent * was used. 


collected in beakers and weighed, each recorded seep- 
age value being the mean of the values for all 8 plugs. 


Mature and Immature Fractions 


In order to evaluate the effect of fiber maturity as 
a variable in a study of the factors affecting the orifice 
test, differentially dyed |1] cottons were separated 
manually into mature and immature fractions. Each 
fraction was then tested as a separate sample, the 
seepage values for mature and immature fractions 
being compared for each variety. 


Number of Fibers 


In order to determine the approximate number of 
fibers contained in the orifice when equal weights of 
mature and immature fractions were tested, these 
(65% R.H. at 
70°F) to constant weight, a small pinch of the fibers 


same bundles were reconditioned 
was weighed, and the fibers were counted. By divid- 
ing the average weight of a single fiber into the origi- 
nal weight of the whole bundle the number of fibers 
in the whole bundle was calculated. For each frac- 
tion this procedure was performed 6 times, and the 
average was recorded as the number of fibers in the 
bundle. Because the fibers are doubled in pulling 
them into the orifice, the number calculated for each 
bundle was multiplied by 2 to show the number of 


cross sections filling the orifice. 


Fiber Shape 


In considering the differences in fiber shape from 
sample to sample, circularity measurements from the 


* Diocotyl sodium sulfosuccinate. 


Fic. 2. Orifice-test apparatus. 


work of Moore et al. [2] were studied. The figures 
are based on measurements of perimeters and areas 
of individual cross sections for which enlargements 
of photomicrographs had been made. The relation- 
ship between perimeter, P, and area, A, is expressed 


in the equation 


4a A _ 
P? ed 


for a true circle [4]. Areas were measured with a 
planimeter, and perimeters with a device developed 
at the Southern Regional Research Laboratory for 
measuring linear distances |3]. 


Specific Surface 


In order to compare the water seepage through a 
bundle of fibers with air flow through the same sam- 
ples of cotton, readings of air flow were made on a 
laboratory model of a Micronaire-type instrument 
[6], and the arbitrary scale readings were taken as 
an indication of the relative specific surface of the 
samples compared. 
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ing the fibers into the system shown in Figure 3. 
The pipette had previously been filled with the em- 
bedding agent by turning the selector at the 3-way 
stopcock into the vacuum pump. When the system 
had been freed of air bubbles, the selector was then 
turned to the air line (40 mm. pressure), thus fore- 
ing the solution through the sample. The embedding 
solution was polymerized overnight at 58°C. The 
glass tubes were then broken off and the embedded 


TO COMPRESSED AIR 
;_ THREE - WAY 
STOPCOCK 


\ TO VACUUM 
PIPETTE 


For each 
sample parallel runs were made with bundles of dry 
fibers and again with similar bundles wet. 


fibers sectioned on a rotary microtome. 


RUBBER STOPPER ———-~ 


Results 
SAMPLE TUBE — ‘: ‘ m 
Average seepage values of yarn and of loose fibers 
for each of 11 different raw cottons are shown in 
Table I. Although water pressure and air space are 
different for these two sets of tests, seepages of the 


Fic. 3. Pressure-embedding apparatus. 


Cross-Sectioning Method ; * : 2 $tR 
; cottons, whether in yarn or fiber form, fall in ap- 


In order to study the effect of restriction of the 
swelling of fibers due to the walls of the orifice in the 


proximately the same rank. As shown in the table, 


correlation between orifice-test seepage of yarn and 


plug, a method was devised for cross-sectioning the 
fibers as though they were actually in the plug. 
Glass tubes of approximately identical bore with that 


that of bundles of paralleled fibers is good ; this indi- 
cates that the orifice test on fibers might be substi- 
tuted for that on yarns, thus expediting the prediction 


of the brass plugs were used to simulate the brass 
plugs, and the fibers, drawn into them, were impreg- 
nated with the methyl methacrylate embedding me- 
dium described by Moore [2]. 


of the relative self-sealing effect of cotton samples 
when made into similar fabrics. 

In Table I are also given specific-surface readings 
Complete penetra- 


made on bundles of loose fiber with a laboratory 
tion was effected by inserting the glass tubes contain- 


model of an air-flow apparatus similar to the Micro- 


TABLE I. Comparison oF OriFice-TEsST SEEPAGE WITH SPECIFIC-SURFACE MEASUREMENTS 


Orifice-test seepage* 
for loose fibers 
(48% air space; 

5 p.s.i.) 
(ml.) 
26.05 
23.91 

7.21 
27.72 
19.62 
5.97 
38.54 
16.44 
20.96 
30.88 
9.37 


Orifice-test seepage* 
for yarns 
(34% air space; 
50 p.s.i.) 

(ml.) 


4.68 
4.84 
0.54 
7.93 
4.21 
3.77 
12.83 
3.23 
6.59 
13.68 
1.45 


Specific surfacet 
of fibers 
(arbitrary scale 
units) 


20.10 
20.98 

8.76 
17.25 
17.50 
19.63 
42.25 
13.65 
20.93 
34.05 
16.65 


Cotton sample 


Acala 1517, Well-grown 

Acala 1517, Verticillium infected 
Acala 1517, Bollies 

Santan Acala, mature 

Santan Acala, immature 
Empire, Bale 92 

Rowden (1944 crop) 

Wilds 13 (1943 crop) 

Acala 1517 (commercial origin) 
Commercial cotton, mature 
Commercial cotton, immature 


Gorrelation coefficients show that: 
Between seepage through yarns and seepage through parallelized fibers, r = 0.86; 
Between specific-surface readings and seepage of loose fibers, r = 0.78; 

Between specific-surface readings and seepage of yarns, r = 0.86. 


* Values for loose fibers are the means of 8 determinations; values for yarns, the means of 16 determinations, 
+ Readings made with a laboratory model of a Micronaire-type instrument [6]. 
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TABLE Il. Ortrice-Test SEEPAGE OF MATURE AND IMMATURE Fractions (SAMPLE WEIGHT, 0.061 G.; 


WATER PRESSURE, 5 P.S.1. 


; Test Pertop, 10 MIN.) 





Seepage 
(ml./10 min.) 
56.0 
18.6 


Sample 


Rowden, mature 
Rowden, immature 


Empire, mature 36.5 
Empire, immature 5 


Acala, Well-grown, mature 36. 


Acala, Well-grown, immature 5.2 


30.3 
4.0 


Acala, Bollies, mature 
Acala, Bollies, immature 


Sea Island, Special, mature 39.0 
Sea Island, Special, immature 2.4 


Sea Island, Seaberry, mature 49.0 
Sea Island, Seaberry, immature 6.1 


t “Circularity = ae Circularity for a true circle = 1. 
circularity for immature fibers about 0.15" [2]. 

naire. These show good correlation with orifice-test 
results on bundles of loose fiber, and even better cor- 
relation with orifice-test results on yarns made from 
the same types of cotton. It would appear from these 
considerations that the orifice test measures fiber sur- 
face, thus relative fiber fineness, and therefore, indi- 
rectly, the behavior of the capillary system. To what 
extent swelling is also involved is discussed on page 
153. 

Results of the orifice-test runs on the mature and 
immature fractions of Rowden ; Empire; Acala, Well- 
grown, Acala, Bollies; Sea Island, Special; and Sea 
Island, Seaberry, cottons are given in Table IT. All 
the mature fractions leaked more than the immature 
fractions ; the average seepage of the former was 41.2 
ml.; of the latter, 6.9 ml. 

Calculation of the number of fibers in samples of 
equal weight, as used in the orifice test, showed that 
for all varieties the number of immature fibers for any 
given variety was nearly twice that of mature fibers 
of the same variety and that the amount of seepage 
tends to be inversely related to the number of fibers 
in the orifice. 

Examination of the circularity figures in Table IT 
shows a more or less constant relationship between 
the cross-sectional shape of the mature fibers and of 
the immature fibers in the various samples, the cross 
sections of mature fibers approaching cylindrical 


Coefficient of 
variability 


Cross-sectional 
area,* dry 
(u*) 

233 
126 


No. of fibers 
in orifice 
252 X 10 
450 


(%) 
10.5 
22.8 


Circularityt 
0.75 
0.40 


18.2 
27.4 


314 
558 


185 
144 


0.71 
0.34 


266 
692 


159 
110 


0.75 
0.40 


400 150 
758 94 


0.70 
0.39 


0.79 


8 300 191 
3 0.48 


1 
4: 934 82 
31.6 
28.6 


0.75 


0.40 


358 12 
656 7 


* Mean area, from planimeter measurements of individual cross sections of fibers embedded in the form of free bundles. 


Maximum circularity found for mature fibers was 0.93; minimum 


shape, while those of the immature fibers are more 
elongated (Figure 4). Average circularity for all 
mature samples was 0.73, and for immature 0.38; al- 
though low seepage is consistently associated with 
low circularity, there is obviously no direct relation- 
ship between fiber shape and amount of seepage (Ta- 
ble IT). 

There 
sectional area between mature and immature fibers 


is also considerable difference in cross- 


in each sample. These figures were derived from 


Fic. 4. Cross sections of fibers from Empire cotton, 
showing differences in seepage rates. Above—Mature 
fibers (dyed red). Below—Immature fibers (dyed 
green). 








TABLE 


III. Arr Space in OriFIce * 








Cross- 


Cross- 


sectional Apparent sectional Apparent 


area,{ 
dry 

(mean) 
(u*) 
183 
161 


No. of fiberst 
in orifice 


252 XK 10° 
450 


Cotton sample 


Rowden, mature 
Rowden, immature 


Empire, mature 
Empire, immature 


202 
100 


Acala, Well-grown, mature 
Acala, Well-grown, immature 


366 
692 


119 
87 


Acala, Bollies, mature 
Acala, Bollies, immature 


400 
758 


141 
90 


space,* 


air Restricted 
swelling 
in orifice 
(%) 
35.5 


—8.7 


air 
space,* 
wet 
(%) 
22.3 
17.7 


area,t 
wet 

(mean) 
(yu?) 
248 
147 


Apparent 
fiber 
density 
(g./cc.) 
1.324 
0.842 


Seepage 

(mean) 

(ml. /10 
min.) 


56.0 
18.6 


dry 
(%) 
42.7 

9.8 


21.1 
30.6 


183 
128 


-94 
28.0 


36.5 
5.2 


0.962 
1.093 


28.5 
11.2 


31.1 
9.2 


36.4 
5.2 


1.401 


5.8 56 29.0 
1 1.013 


95 18.3 


19.4 
27.4 


14.9 
—14.4 


30.3 
4.0 


1.082 


16 
7 0.894 


15.2 


* Calculated from the diameter of the orifice, the number of fibers in the orifice, and the mean areas of individual cross sections 
of fibers embedded in a glass tube of bore equivalent to that of the test orifice. 
+ Determined from the weight of fiber (0.061 g.) used in plugs, based on an orifice air-space of 48% calculated from an assumed 


density of 1.5 for cotton fibers. 


t From planimeter measurements of individual cross sections of fibers embedded in a glass tube. 


related work in this laboratory on the swelling of 
fibers in water [2], in which it was shown that cotton 
fibers swell about 30% when not restricted, and that 
differences in the amount of swelling (defined as 
change in cross-sectional area from dry to wet condi- 
tion), though statistically significant for mature and 
immature fractions of the same variety of cotton, are 
small as compared to differences in seepage values. 
(Average swelling for all mature samples tested was 
30%, for immature 28%.) 

A theoretical picture of the air space in the orifice 
was obtained by using the cross-sectional areas de- 
rived from this previous work [2], the area of the 
bore of the plug, and the calculated number of fibers 
in the weighed samples used in the orifice test (Table 
II). This indicated that the fibers must be consid- 
erably restricted while being forced into the orifice— 
otherwise their total area would in some cases exceed 
the area of the orifice, and there could be little or no 
seepage through the loaded orifices even if no swell- 
ing of the fibers took place. In order to determine 
the true state with respect to effective air space be- 
tween fibers under actual test conditions, cross sec- 
tions were made of samples embedded in glass tubes 
to simulate the brass plugs. In Table III calcula- 
tions based on planimeter measurements of cross- 
sectional areas of the dry fibers embedded in the glass 
tubes show that before wetting the apparent air space 
in the plug averaged 34.9% for mature samples, and 
20% for the immature. After wetting, the air space 


was considerably less, except in 3 cases, the abnormal 
behavior of which is discussed below. The amount 
of restricted swelling (swelling of the fibers after 
wetting in the orifice) differs markedly from the 30% 
free swelling determined independently for cotton 
fibers swelled in water without the restrictive effect 
of compression into a small opening [2]. 

Because the differences in air space shown in Ta- 
ble III do not explain the observed differences in 
seepage, it seemed pertinent to consider also the pos- 
sible differences in density. Although the accepted 
figure for the density of native cellulose is 1.5, it is 
obvious that fiber density (apparent density), as dis- 
tinguished from the true density of the cellulosic ma- 
terial of the cell wall, is influenced by the thickness 
of the wall, the size of the lumen, and the amount of 
trapped air in the lumen cavity. Accurate estimates 
of cotton-fiber density are extremely difficult to make, 
but Table III shows tentative densities for mature 
and immature fractions of the cottons under consid- 
eration, calculated from weight and length of fibers 
in the orifice and the average area of individual cross 
sections, taken while compressed in the orifice of the 
glass tube. The implication of these calculations is 
that the immature fibers are, in general, somewhat 
less dense (apparent density) than the mature fibers 
of the same sample of cotton. This is in line with 
their morphology and growth; but it must also be 
pointed out that cross-sectional areas of deformable 
immature fibers may have been influenced somewhat 
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by the pressure needed to force the embedding solu- 
tion into the bundle of fibers. 


Discussion 


It is apparent from the results that the orifice test 
is governed by the interplay of many variable factors, 
such as: water pressure and weight of sample; size, 
shape, and number of fibers; amount of apparent air 
space in the orifice; and the amount of restricted 
swelling fibers undergo when wet in the orifice. 
What is not apparent is the relative importance or 
degree of effectiveness of any of these factors in the 
closing capacities of samples in any group of cottons 
under evaluation. To seek an interpretation of the 
data in Tables II and III which would help to point 
out the more important of these influences, selected 
data from Table IIT were rearranged, as in Table IV. 
This makes possible certain conclusions with respect 
to air-space distribution. 

In the pair Acala, Well-grown, mature, and Row- 
den, mature, the amount of apparent dry air space 
in the plug is approximately the same, but the leak- 
ages are markedly different. Seemingly, the impor- 
tant factor is how the air space is distributed—the 
Rowden, mature, sample, with the larger fibers, has 
the smaller number of them; hence, this sample has 
fewer, but larger, capillaries. The amount of re- 
stricted swelling that takes place is approximately 
equal; therefore, the difference in seepage seems to 
be mainly determined by the capillary size, which, in 
turn, depends upon the size and number of fibers in 
equal weights of cotton. 

This same general pattern holds true for other 
pairs of samples—for 2 samples with approximately 
equal percentages of dry air space, the one with the 
larger number of fibers, and hence the larger number 
of smaller capillaries, tends to have the larger per- 








Air space, Air space, 
dry wet 


Sample (%) (%) 


45.8 29.0 
42.7 22.3 


Acala, Well-grown, mature 
Rowden, mature 

Empire, immature 30.6 11.2 
Acala, Bollies, mature 29.9 19.4 
Acala, Well-grown, immature 25.1 18.3 
Empire, mature 21.1 28.5 
Acala, Bollies, immature 15.2 27.4 
Rowden, immature 9.8 17.7 


TABLE IV. SweLiinG IN THE ORIFICE COMPARED ON THE Basis OF AIR SPACE 


Leakage 
(ml./10 
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centage of swelling in the orifice and to show smaller 
amounts of seepage. The Empire, mature, swells a 
negative amount. This can be interpreted as a de- 
crease in the area of individual fibers, which increases 
the size of the capillaries—a phenomenon which may 
be explained as a collapsing of lumen openings in 
some of the fibers due to the pressure of adjacent 
fibers when they swell. In the last pair of samples 
(Acala, Bollies, immature, and Rowden, immature) 
there are also negative percentages of swelling. Both 
also have a very large number of minute capillaries ; 
in fact, the Acala, Bollies, sample has the largest 
number of the smallest capillaries of all the samples. 
According to the general pattern outlined for the 
other pairs of samples with approximately equal air 
space, the Acala, Bollies, immature, sample should 
have shown the larger percentage of swelling, or at 
least a smaller percentage of shrinkage than the Row- 
den, immature. Comparing Acala, Well-grown, im- 
mature, with Acala, Bollies, immature, we find that 
in the case of Acala, Well-grown, the cross-sectional 
area is 87p” and there are 692 fibers in the orifice; 
the restricted swelling is 9.2%. The Acala, Bollies, 
sample, besides having a slightly larger cross-sectional 
area, 90", has 66 more fibers in the orifice; there- 
fore, its restricted swelling would be expected to ap- 
proach zero. In fact, it by-passed its critical condi- 
tion and collapsed upon itself more than any other 
sample. 


Summary and Conclusions 


The greater closing capacity of immature over ma- 
ture cotton fibers (when tested in the orifice test) 
appears to arise from the interplay of several factors : 

1. Smaller interfiber spaces, due to the fact that 
for any particular variety of cotton there are nearly 
twice as many fibers in a given weight of immature 


Cross- Cross- 
sectional _ sectional 
No. of fibers area, dry area, wet 
in orifice (uy?) (u*) 


Restricted 
swelling 
in orifice 

(%) 

31.1 366 X 10° 119 156 
35.5 : 248 
28.0 128 
14.9 162 
9.2 95 
—9.4 K 183 
—14.4 77 
—8.7 . 147 


min.) 
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as in a like weight of mature fibers of the same 
variety ; 

2. Flatter and more irregular shapes of the thinner- 
walled fibers, which makes for bettter packing and 
increases the possibility of damming through inter- 
locking spaces between fibers where convolutions 
come together ; 


3. Increased surface area per unit volume of cellu- 
lose (due to greater number of smaller fibers), which 
increases fluid friction and thus results in a decreased 
flow ; 

4. The greater deformability of the immature fiber 
(as reported in the work of Moore et al. [2]), pre- 


sumably caused by the comparative thinness of the 
cell wall and the larger lumen openings. 

5. Swelling of the fibers, which obviously plays 
some part, but is not the factor most directly respon- 
sible for the tremendous advantage immature cottons 
have over mature cottons in the performance of self- 
sealing yarns or fabrics. 

The orifice test on fibers is useful as an empirical 
method for distinguishing cottons of high seepage or 
low seepage in a given series. In general, bundles 
of fine cottons (of low fiber fineness) have consid- 
erably less seepage than equal weights of coarse cot- 
tons, and the fact that there is good correlation 
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between tests on surface area or fineness of fibers 
and orifice tests on relative closing capacities of both 
fiber samples and yarns seems to indicate that the 
most significant factor in closing capacity is fiber 
fineness as reflected in the number of fibers per given 
weight. 
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Modification of Wool by the Application of 
Linear Synthetic Polyamides 


Part I: N-Methoxymethyl Polyamides 


D. L. C. Jackson and M. Lipson 


Commonwealth Scientific and Industrial Research Organisation, Wool Textile 
Research Laboratory, Geelong, Australia 


Abstract 


The effect of surface deposits of nylon and N-substituted nylons on the abrasion-resistance 


and felting shrinkage of wool has been determined. 


N-methoxymethyl nylons are much more 


effective than nylon itself, when applied from solution, in increasing the abrasion-resistance of 


wool fabric, but not in decreasing the felting shrinkage of the fabric. 


If the N-methoxymethyl 


nylon is first applied to the wool fabric from alcoholic solution and then hydrolyzed in situ by 
approximately 2N HCl, the polymer is found to confer non-felting properties on the wool. A 
deposit of approximately 3% by weight of polymer has been found to eliminate entirely the felting 


shrinkage of wool fabric under the conditions of test. 


The optimum degree of substitution of 


the nylon for the production of non-feltability is between 5% and 6% combined formaldehyde, 
which corresponds to between 20% and 24% —NH groups substituted. 

The effectiveness of these polymers in increasing abrasion-resistance and decreasing felting 
shrinkage is explained on the basis of their adhesion to and covering power on the wool fiber. 


Introduction 


The properties of wool which are most likely to be 
modified by the application of synthetic resins are felt- 
ing shrinkage, abrasion-resistance, crease-resistance, 
handle, and dyeing properties. In general, felting 
shrinkage is reduced, while abrasion-resistance is 
often increased by synthetic resin treatment, the mag- 
nitude of the change being determined by the type of 
resin used and its method of application. 

Polymers may be applied from the liquid phase to 
wool in three ways: (a) by solution-polymerization 
of a monomer in the presence of wool; (b) by 
emulsion-polymerization of a monomer in the pres- 
ence of wool; and (c) by the application to the wool 
of a solution or emulsion of a preformed polymer, 
followed by evaporation of the solvent or by precipi- 
tation of the polymer. 

When method (a) is used it is possible to obtain a 
deposit of polymer inside the wool fiber, but with 
methods (b) and (c) the polymer is usually confined 
to the surface of the wool. 


A considerable amount of work has been published 
on the reduction of the felting shrinkage of wool by 
the application of polymers—e.g., vinyl polymers such 
as polymethyl methacrylate |7, 16], polystyrene [7, 
16], and polymethacrylic acid [9]. Other 
pounds have also been used for this purpose, such as 
methylated melamine-formaldehyde resins [2], poly- 
mers derived from butadiene | 12], anhydrocarboxy- 
glycine [3], and silanes [1]. 
mers are also stated to increase the abrasion-resistance 
of treated wool. The use of polyamides for the above 
purposes has received very little attention. Nylon 
solutions have been used for the impregnation of fab- 
rics in general [15], but no quantitative information 
has been found regarding the effect of polyamides on 
the abrasion-resistance or felting shrinkage of wool. 


com- 


Some of these poly- 


The present paper describes work carried out to 
determine the effect of polyamides and modified poly- 
amides on the abrasion-resistance and felting shrink- 
age of wool. The polyamide used was polyhexa- 
methylene adipamide, and this was modified by the 
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introduction of hydroxymethyl and methoxymethyl 
groups—e.q., 


! j 
(CH2), (CH2)« (CH2)s 
CO CHO CO CH,OH CO 
l Soi , a + H.0 
NH N—CH;OH N—CH,OCH; 





{ | 
(CH,)s (CHi)s 


(CHs)s 


Experimental 
Materials Used 


Polyhexamethylene adipamide-—Waste commer- 
cial nylon hosiery yarn was used after first being 
desized by washing in hot water, soap solution, and 
then alcohol, and dried at 105°-110° C for 1 hr. 
The yarn contained approximately 0.3% titanium di- 
oxide pigment. 

N-methoxymethyl polyhexamethylene adipamide.— 
Various samples of N-substituted polyhexamethylene 
adipamide were prepared from the purified dull nylon 
yarn by the method of Cairns and coworkers [4]. 
The solution method of preparation was used, in 
which the polyhexamethylene adipamide is dissolved 
in formic acid and substitution achieved by adding a 
solution of paraformaldehyde in methanol, followed 
by further addition of methanol, the reaction mixture 
being kept at 60°C. 

Various degrees of substitution were obtained for 
different samples by varying the ratios of formalde- 
hyde to polymer and/or water to polymer. 

Wool.—The fabric used was prepared from a 64's 
quality wool and had the following construction: 
warp yarn—33’s Yorkshire skeins; weft yarn—30's 
Yorkshire skeins ; 32 ends/in.; 30 picks/in. 

A plain weave was employed in the fabric for abra- 
sion tests, while a Mayo twill weave was used in that 
for shrinkage tests. The fabric was extracted with 
ether, alcohol, and distilled water before use. 


Analytical Methods 


Assuming that the combined formaldehyde in the 
samples of N-substituted polyhexamethylene adi- 
pamide was present entirely as methoxymethyl or 
hydroxymethyl groups, the “free’’ and “total” formal- 
dehyde were estimated in each sample by the methods 
of Clasper and Haslam [5]. 

Hydroxymethy] substitution is removed by reflux- 
ing an alcohol solution of the polymer with approxi- 
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mately normal aqueous sodium sulfite solution; the 
“free” combined formaldehyde can then be deter- 
mined by titration of the liberated sodium hydroxide. 

Hydrolysis with aqueous sulfuric acid solution lib- 
erates the combined formaldehyde from both hydroxy- 
methyl and methoxymethyl groups, and, after neu- 
tralizing the acid and adding sodium sulfite solution, 
the “total” combined formaldehyde is obtained by 
titration of the liberated alkali. Assuming that there 
is no cross-linking of substituted groups, the amount 
of methoxymethy] substitution is obtained by differ- 
ence between the total combined formaldehyde and 
the free combined formaldehyde, as estimated above. 


Methods of Test 


Determination of abrasion-resistance—All abra- 
sion tests were carried out on a Martindale Abrasion 
Tester [11]. Stainless-steel wire gauze (40-mesh) 
was used as the abradant, the loss in weight of the 
test piece being determined after successive runs of 
500 cycles each until failure occurred. Loss in 
weight (as percentage of initial weight) was plotted 
against number of cycles, and an approximately 
straight line obtained. The slope of the best straight 
line was taken as a measure of the abrasion-resistance 


of the sample. Abrasion Index, A, is defined as 


A= 

m, 

where m, = slope of weight loss vs. no. of cycles line 
for resin-treated sample; and m, = slope of weight 
loss vs. no. of cycles line for untreated sample. 

Hence, the Abrasion Index of the untreated fabric 
is 1; an Abrasion Index of 2 indicates twice the 
abrasion-resistance of the untreated control. 

All tests for abrasion-resistance were carried out in 
an atmosphere conditioned to 65% R.H. and 70°F. 

Determination of felting shrinkage.—All tests for 
felting shrinkage were carried out in a wash-wheel 
type of apparatus similar to that described in the 
Textile Institute Tentative Textile Standard No. la 
[14]. The conditions of this Tentative Standard as 
specified for ‘Determination of Shrinkage on Wash- 
ing” were adhered to, with the following exceptions : 

1. 0.5% soap solution was used both for relaxation 
and for washing of samples. 

2. Samples were relaxed for 30 min. in the soap 
solution, and all measurements were taken with the 
samples between 2 glass plates. 

3. Nine samples, each approximately 6 in. square, 
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Of these, six were resin- 
treated and three were untreated samples. 

Each sample was marked by means of a stencil and 
a marking fluid with 8 points in the form of a 4-in. 


were washed in each pot. 


square, 3 points being along each side of the square. 
The wash-wheel was run until approximately 40% 
area shrinkage was obtained in the untreated control 
fabrics. The time required to produce this amount 
of shrinkage varied with the amount of shrinkage oc- 
curring in the treated samples. <A longer time (up to 
2 hrs.) was required when the treated samples 
showed little of no shrinkage than when both treated 
and untreated samples shrank by approximately equal 
amounts (up to 1 hr.). 

When the results of shrinkage tests were plotted, 
only those results which were obtained in one run 
and in one pot of the wash-wheel were on the same 
line. 


Treatments and Results 


All samples were allowed to condition at 65% 
R.H. and 70°F, and were weighed before and after 
treatment, the polymer content being expressed as 
percentage increase in weight on the initial weight 
of the fabric. 


Application of Polyhexamethylene Adipamide from 
Solution 


Small squares of both fabrics were immersed in 
solutions of purified waste nylon yarn in 90% formic 
acid for a few minutes at room temperature. They 
were then removed from the solution, mangled, and 
immersed in distilled water. The original 6% nylon 
solution was progressively diluted with formic acid 





TABLE I. Errect oF POLYAMIDES ON 
ABRASION-RESISTANCE OF WOOL FABRIC 

% Polymer Abrasion 
on fabric Index 


Method of 
Polymer application 


Nylon 66 formic acid solution 9.2 


1. 
1. 
1. 
f. 
3s 


N-substituted 
nylon 


95% ethanol solution 


N-substituted 
nylon (hydro- 
lyzed in situ) 


95% ethanol solution, 
followed by acid 
hydrolysis 
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after each immersion of fabric in order to obtain a 
series of samples containing varying amounts of 
polymer. 

The fabrics were then washed in running water 
until they were acid-free, and were allowed to condi- 
tion at 65% R.H. and 70°F. 


Application of N-Substituted Polyamide from 
Solution 


A N-substituted polyamide was prepared from 
waste nylon yarn; it contained 0.6% formaldehyde as 
hydroxymethyl groups and 5.7% formaldehyde as 
methoxymethyl groups (obtained by difference be- 
tween total and free formaldehyde. ) 

This polymer was readily soluble in hot 95% etha- 
nol. Small squares of the fabrics were immersed in 
a 4% solution of the polymer in 95% ethanol for 2-3 
min. at 30°C, mangled, and conditioned. By pro- 
gressively diluting the solution with 95% ethanol, 
varying amounts of polymer were deposited on suc- 
cessive samples. 


A pplication of N-Substituted Polyamides from Solu- 
tion, Followed by Acid Hydrolysis 


Hydroxymethyl and alkoxymethyl polyamides can 
be readily hydrolyzed with acids to give the original 
polyamides. 

The treatments with the N-substituted polyamide 
described above were repeated, but the samples were 


% SHRINKAGE 


4 6 
% POLYMER 


Fic. 1. Effect of polyamides on felting shrinkage of 
wool fabric. X—Nylon 66 applied from formic acid 
solution. O—N-substituted nylon applied from ethanol 
solution. @—N-substituted nylon applied from ethanol 
solution, followed by acid hydrolysis. 
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air-dried and then immersed in 2N hydrochloric acid 
for 30 min. at 25°C. They were then washed in run- 
ning water until they were acid-free, and were al- 
lowed to condition. 

The effects of these three treatments on abrasion- 
resistance and felting shrinkage are given in Table I 
and Figure 1, respectively. 


Effect of Degree of Substitution of N-Substituted 
Polyamides 


The properties of alkoxymethyl polyamides vary 
widely with the degree of substitution. In general, 
increasing the methoxymethy] substitution increases 
the solubility and decreases the tendency to gel in 
alcohol solution, while alcohol solutions of hydroxy- 
methyl polyamides show a lower solubility and a 
greater tendency to gel than alcohol solutions of 
methoxymethyl polyamides. Both the total degree 
of substitution and the relative proportions of hy- 
droxymethyl and methoxymethy] substitution may be 


40 


% SHRINKAGE 
8 8 


o 


% POLYMER 


Effect of N-substituted polyamides on felting 
shrinkage of wool fabric. 


Fag. 2. 


Degree of substitution 
Sample (total formaldehyde, % ) 
20 Ja 
13 6. 
21 6.: 
16 84 
18 
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expected to influence the effect on the felting proper- 
ties of wool of deposits of such polymers. 

A number of polymers of varying degrees of sub- 
stitution were therefore prepared. 

Portions of these polymers were also treated to 
remove any hydroxymethyl groups, while leaving 
the methoxymethyl groups intact. This was done 
either by heating the polymer in 95% methanol solu- 
tion in the presence of approximately normal so- 
dium sulfite solution at 60°C for 14 hrs., followed 
by precipitation with aqueous acetone and recovery 
of the polymer, or by heating the polymer with 10% 
sodium hydroxide solution at 100°C for 1 hr., fol- 
lowed by washing and recovery of the polymer [6]. 

Analyses of these polymers are given in Table II. 

These polymers were then applied to wool from 
alcoholic solution, followed by acid hydrolysis, as 
described above; their effects on abrasion-resistance 
and felting shrinkage are given in Tables III-V and 
in Figures 2 and 3. The experimental results given 


40 


3 


% SHRINKAGE 
8 


3 


3 4 
% POLYMER 
Effect of N-substituted polyamides, after re- 
moval of —CH.,OH groups, on felting shrinkage of wool 
fabric. 


Fic. 3. 


Degree of substitution 
Sample (total formaldehyde, % ) 


20A 4.6 
21A 
13A 
16A 
18A 
19A 


~ 
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TABLE ‘Il. ANALYSES OF N-SuBSTITUTED POLYAMIDES 
% Formaldehyde 
Total 
Free (—CH.OH + 
~CH.OH) CH,OCH;) | 


20 0.7 5.5 
13 0.6 6.3 
21 0.7 
16 1. 
18 1. 
19 1. 
20A 

21A 

13A 

16A 

18A 

19A 


Difference 


Sample* ( CH,OCH;) 


on wue 
Aree MAaANA SDA "8 


nua 


9. 
11. 


ane Vw 


* Samples 13A to 21A are samples 13 to 21 after treatment 
to remove hydroxymethyl groups. 


in Tables IV and V have been modified slightly for 
the graphs (Figures 2 and 3) in order to bring them 
all to a control shrinkage of 40%. This was done 
by assuming that the percentage improvement of the 
treated sample over the control, defined as 
control shrinkage — sample shrinkage x 100 
control shrinkage , 
is constant for small variations of the standard con- 
trol shrinkage of 40%. 

All the results of Tables IV and V, with the excep- 
tion of those for sample 19, which had a control 
shrinkage of 65%, have been corrected in this way 
for presentation in Figures 2 and 3. 


Discussion 


From the tables and graphs it is seen that cer- 
tain of the treatments are very effective both in re- 
ducing felting properties and in increasing abrasion- 
resistance. Table I and Figure 1 show that a deposit 
of methoxymethyl nylon from alcoholic solution is 
more effective than a deposit of nylon from formic 
acid solution in abrasion-resistance, 
whereas a deposit of nylon obtained from a solution 


of methoxymethyl nylon in alcohol, followed by acid 


increasing 


hydrolysis, is much more effective than one from 
formic acid solution in increasing abrasion-resistance 
and in reducing felting shrinkage. From Figure 1 
it is seen that a deposit of nylon obtained from a solu- 
tion of methoxymethyl nylon in alcohol, with subse- 
quent acid hydrolysis, is much more effective than a 
deposit of methoxymethy! nylon alone in reducing the 
felting shrinkage of a wool fabric. 
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III, Errecr or N-SusstiruTED POLYAMIDES ON 
ABRASION-RESISTANCE OF WOOL FABRIC 


TABLE 


Abrasion 

Index 

13 6.1 2.3 
5.2 1.7 
3.8 1.3 


% Polymer 


Sample on fabric 


6.5 A 


1 
3.9 a 
1 


8.8 
6.2 
3.8 


Figures 2 and 3 show that, in general, as the degree 
of substitution of the polyamide is increased, the ef- 
fectiveness of the polyamide in reducing the felting 
shrinkage of wool decreases for a given amount of 
polymer applied from alcoholic solution and acid- 
hydrolyzed. The only exception is sample 20A, 
which contains only 4.6% formaldehyde, which sug- 
gests that there is an optimum degree of substitution 
and that either above or below this the polymer is 
less effective in reducing felting. 

The results from Table I suggest that certain me- 
chanical properties of the polymer (e.g., hardness) 
are of relatively minor importance in their effect on 
abrasion-resistance of the treated samples, since dif- 
ferences in effectiveness cannot be related to vari- 
ations in these properties. 
work on the abrasion-resistance of wool fabrics 
treated with different polymers [8]. It is probable, 
however, that the hardness of the polymer will be of 
greater importance as we approach the greaselike 
polymers, as has been found with respect to non- 
feltability by Alexander, Carter, and Earland [1]. 
They observed that in order to obtain an appreciable 
degree of non-feltability of wool by the application of 
organosilicon polymers, it was necessary that the 
polymer be a hard solid, the oils, rubbers, and waxes 
not being effective. 


This is supported by 


Since both nylon and its derivative methoxymethyl 
nylon are hard solids, the superiority of the latter in 
increasing the abrasion-resistance of treated fabric is 
probably due to (a) its greater adhesion to the wool 
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TABLE IV. Errecr or N-Susstitutep PoLyamipEs on | TABLE V. Errect or N-SusstiruTepD POLYAMIDEs, 
FELTING SHRINKAGE OF WooL FABRIC REMOVAL oF —CH,OH Groups, ON FELTING 


| 


SHRINKAGE OF Woo” Fasric 


% Polymer % Felting 
Sample on fabric shrinkage 
13 


% Polymer % Felting 
0 Sample on fabric shrinkage 
13A 4.6 0 
5.0 0 
3.6 2 
3.8 5 
2.2 11 
1.6 18 
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0 40 
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fiber, and (b) its greater covering power—i.e., it 
spreads itself more uniformly over the fiber, and 
therefore, for a given quantity of polymer, the substi- 
tuted nylon will be more effective than nylon itself. 
Both the adhesion and the covering power of the 
polymer for the fiber are determined by the relative 
values of the intermolecular cohesional forces of the 
polymer in solution on the one hand, and the forces 
of attraction between the polymer molecules and the 
fiber on the other. By introducing methoxymethyl 
side-groups onto the nylon molecules, the inter- 
molecular cohesion of the polymer is reduced, and 
this accounts for the ready solubility of methoxy- 
methyl nylons in aqueous ethanol. But the forces 
of attraction between the polymer molecules and the 
fiber are also reduced, since these forces, both of 
polymer-fiber attraction and of intermolecular (poly- 
mer) attraction, are presumably of the same kind— 
vig., principally hydrogen-bonding between peptide 
groups. 

Since the deposit of methoxymethyl nylon is not 
effective in appreciably reducing felting shrinkage, it 
must be assumed that the washing treatment is suffi- 
cient to break down the intermolecular cohesion of 
the polymer and/or the forces of attraction between 
fiber and polymer. 

If, however, the N-methoxymethyl polyamide is 
hydrolyzed on the fiber, to re-form the original nylon, 
then this deposit is more effective in reducing the felt- 
ing shrinkage of wool fabric than are deposits of the 
substituted nylon or of nylon itself applied from 
formic acid solution. Since the non-feltability is pro- 
duced by an ultimate deposit of nylon in every in- 
stance, the variations in effectiveness must be due to 
variations in location of the polymer on the fiber or 
fabric, and, as suggested above, these latter variations 
are probably caused by the varying extents of adhe- 
sion of the N-substituted polyamides to the fiber. 

In other words, by substituting the polyamide with 
methoxymethyl groups, we are assisting the spread- 
ing of the polymer on the fiber; then, by hydrolysis 
of the substituted groups, the polymer is able to at- 
tach itself more firmly to the fiber, probably by virtue 
of additional hydrogen-bonding which is able to take 
place. 

The optimum degree of substitution for produc- 
tion of non-feltability is between 5% and 6% CH.O, 
which corresponds to approximately 20%-24% 
—NH groups substituted. Below this degree of 
substitution, the intermolecular cohesion of the poly- 
mer is too high, while for higher degrees of sub- 


Tiscateet 
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stitution, the attraction between the fiber and the 
polymer will be reduced due to blocking of the —NH 
groups. 

Thus, by depositing a suitable methoxymethy] poly- 
amide onto a wool fabric and subsequently hydro- 
lyzing the polymer back to nylon, it is possible to 
obtain almost complete non-feltability of the fabric 
using only approximately 3% polymer. This very 
small amount of polymer has only a slight effect on 
the handle of the treated fabric. It should be empha- 
sized that the results given in this paper apply only 
to the particular nylon samples used. It has been 
found that a commercial sample of N-substituted 
nylon * which contained no delustrant gave results 
which were even better than those obtained with a 
sample of similar degree of substitution prepared 
from the delustred nylon yarn. This commercial 
sample contained 10.0% formaldehyde (total) and 
0.2% formaldehyde (free). Approximately 3% of 
this polymer deposited on wool fabric and, subse- 
quently hydrolyzed by acid, was found to confer non- 
feltability on the fabric. 

It has been suggested that with anhydrocarboxy- 
glycine and organosilicon polymers, an orientation of 
the polymer takes place on the surface of the wool 
fiber [1], and this explains why unshrinkability can 
result from application of less than 5% by weight of 
such polymers to wool. Vinyl polymers [7, 16] are 
usually required in much larger amounts in order to 
be effective, and the handle of the fabric can be seri- 
ously impaired. It is thought that in the present 
method an induced orientation of the substituted 
nylon may also occur during deposition from ethanol 
solution. 

The disposition of the polymer on the fiber has not 
yet been determined. Stock and Salley [13] have 
found that control of felting shrinkage by the use of 
methylated melamine-formaldehyde resins is partly 
due to interfiber bonding, and Maresh and Royer 
[10] have shown by phase-microscope examinations 
that the melamine resin is located mainly at the scale 
regions of the fibers. It is thought that interfiber 
bonding plays an important part in the function of 
the polyamide resins in controlling felting shrinkage. 
Further work is being carried out on this problem. 
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Exhaustion in the Silk Soaking Bath 


RESEARCH AND TESTING LABORATORIES, 
PRESTIGE Ltp. 
Melbourne, Australia 
October 30, 1950 
To the Editor 
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Dear Sir: 


The main purpose of soaking raw silk is to soften 
the sericin by exhausting oil from an alkaline-bath 
emulsion onto the fiber. Although chemical re- 
actions undoubtedly occur, to an extent which has 
not as yet been completely elucidated, it has been 
suggested {1] that the function of the oil is entirely 
physical and mechanical. The bath usually contains 
water comprising 5 to 6 times the weight of the yarn 
to be soaked, 15%-30% of oil (on the weight of the 
silk), and alkalies to bring the pH to within the de- 
sired range—usually pH 9.0-9.5. The alkaline in- 
gredients are usually mixtures of carbonates and/or 
bicarbonates of sodium and/or potassium. Special 
additives are often included and may comprise soft- 
eners (e.g., glycerine or diethylene glycol), preserva- 
tives, and wetting agents. The present study is con- 
cerned with the results obtained with the addition of 
sulfated cetyl alcohol to the bath in an attempt to 
raise the exhaustion above that obtainable without 


the use of such an additive. 


Experimental 


The experiments were performed on 50-Ib. sam- 
ples of 13/15 denier Special AAA Japanese raw silk 
and were done under actual mill conditions, with 
baths made up in the customary manner with the in- 


gredients mentioned above. All of the silk, oil, and 
alkalies were taken from the same batches. The ex- 
haustion of the bath was determined each time by a 
modified Babcock procedure and expressed as a per- 


centage of the original oil content. 


Results 


The results are shown in Table I, from which it 
may be seen that high exhaustions were obtained 
without the addition of the cetyl alcohol, and, indeed, 
the fatty alcohol addition decreased the exhaustion 
very considerably. Only when a small percentage 
of sodium sulfate was added to the bath containing 
the alcohol was exhaustion maintained (actually, a 
slight increase occurred), but above a concentration 
of 0.003% of fatty alcohol the exhaustion again fell 
rapidly even when more sulfate was used simultane- 
ously. The exhaustions, however, remained appre- 
ciably above those obtained with the fatty alcohol 
alone; the sodium sulfate thus showed a beneficial 
effect when used in conjunction with the fatty alcohol. 
Accordingly, it has been found that an exhaustion of 
90% or over can be maintained by using 0.003% 
sulfated cetyl alcohol with 0.08% sodium sulfate, but 
increasing the percentage of either ingredient above 
these values markedly decreases the exhaustion ob- 


TABLE I. Soaxtnc BatH EXHAUSTIONS 
(CONCENTRATION IN %, ON THE WEIGHT OF THE SILK) 
Amount of NasSO, 
0.06% 
90.0 


91.9 
59.8 


Amount of sulfated 
cetyl alcohol 
0.0% 


0.003% 
0.006% 


0.0% 


91.0 
77.2 
40.3 


0.08% 


88.2 
93.0 
63.9 
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It has been found also that a similar exhaus- 
tion can readily be obtained without the use of either 
the sodium sulfate or the alcohol, and, indeed, no 
evidence has been obtained to suggest that either 
should be added to the bath. 

A theoretical interpretation of the results is diffi- 
cult from the evidence thus far available, especially 
since exhaustion has been thought to depend pri- 
marily upon liquor surface tension. 


tained. 


By increasing 
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the amount of fatty alcohol (thus decreasing the sur- 

face tension) a higher exhaustion could be expected, 

but such, however, was not the case, and this aspect 

of surface activity is being investigated further. 
Literature Cited 

1. Hart, R., Ind. Eng. Chem. 22, 980 (1930). 
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The Effects of Gold Chloride upon Hair Cortex 


D’YouviILLe COLLEGE 
Buffalo, New York 
November 1, 1950 

To the Editor 

TEXTILE RESEARCH JOURNAL 


Dear Sir: 


The present study was undertaken to facilitate the 
study of hair fibers during the scheduled histology 
laboratory periods at D’Youville College. Impres- 
sion techniques and certain stains were utilized in 
this work. One reagent—viz., a 1% gold chloride 
solution—consistently demonstrated a singular phase 
of interaction with the cortical strata, and only under 
rather specific conditions. It was this particular 
staining reaction which fostered the belief that the 
results would be of interest and value to readers of 
TEXTILE RESEARCH JOURNAL, relative to the studies 
of hair types. 

The fiber samples consisted of human scalp hairs, 
and the quills and sensory and coat hairs of the 
Canadian porcupine, Erethizon dorsatum dorsatum 
(Linn.). 

The staining method followed was modified from 
that reported by Garven [1]. This investigation was 
devised primarily for a pre-staining or bulk proce- 
dure in that fiber sections from 1 to 3 mm. in length 


were processed through the reagents prior to sec- 
tioning. A post-stained series was also prepared so 
The 
following procedure was adapted for both the pre- 
and the post-stained samples. 


that the resulting products could be compared. 


1. Degreased hair samples were covered with 
about 5 times their volume of a 10% solution of 
formic acid and were left to stand for 1 hr. 

2. The fibers were transferred directly into a 1% 
solution of gold chloride and were left to stand from 
20 to 30 min. 

3. They were then passed to about 20 times their 
volume of a 2% formic acid solution and left for a 
minimum of 6 hrs. and a maximum of 12 hrs. 

4. After washing with 6 changes of water for 6 hrs., 
the pre-stained group was processed for sectioning 
and mounting; and the post-stained samples were 
stepped through two changes of dioxane and were 
mounted in permount. 

One singular feature evolved as a result of these 
staining processes. The cuticle and the medulla of 
the bulk-stained hairs were stained a distinct blue, 
while the cortex was rendered a sharply defined red. 
This result was obtained for the medullated fibers— 
i.e., the quills and sensory and coat hairs of the por- 
cupine. The inner core of the human hairs was 
completely red in color. Post-stained specimens, in 
contrast, were tinted a uniform blue in all regions 
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of the sections. The individual hair strata could 
not be identified by means of a color differential alone. 

The significant color factor appeared to be de- 
pendent upon the diffusion and the reaction of the 
reagents as they penetrated into the whole fiber sec- 
tion. A dichromatic product never materialized as 
a result of post-staining. Exposure intervals were 
adjusted to reduce the time the fibers were in the 
gold chloride solution (until the first tint of yellow 
was discernible)—about 12 min.—and in the 2% 
formic acid solution—1l} hrs. These variations in- 
duced a faint and uniformly blue stain, with no evi- 
dence of cortical redness. The bulk samples, when 
similarly treated, elicited a red cortex and a blue 
cuticle and medulla. That incomplete diffusion oc- 
curred was indicated by the blue peripheral zone and 
the colorless center region of the medulla. Further, 
an overstain was tested for the bulk group. In this 


trial the hairs were bathed in the reagents for the 
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maximum intervals. In spite of this extreme treat- 
ment, these hairs, in all cases, were observed to 
possess a red-stained cortex. When this variation 
was applied to the post-stained samples, the hairs 
were thoroughly overstained—1.c., an opaque, intense 
blue was produced. 

This particular procedure for the processing of 
hair samples in bulk, in lieu of first sectioning and 
then staining the samples, provides a means of spe- 
cifically delineating the hair cortex. In addition, it 
presents an aid for wool and fur examination, a 
useful complement for hair study in histology, and 
a means for the furtherance of the biochemical analy- 
ses of these structures. 


Literature Cited 
1. Garven, H. S. D., Brain 48, 404 (1925). 
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“Law of Critical Yarn Diameter and Twist: 
Influence on Yarn Characteristics” 


Ste AME FABELTA 
Usine de Zwijnaarde, 
Ghent, Belgium 
December 6, 1950 
To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


The length decrease of a yarn by torsion has been 
considered in a previous publication [1]. 

A concrete illustration of the relation between con- 
traction and twist can be given by a geometrical 
model (Figure 1). 

The simplest continuous yarn with a regular sec- 
tion is one having 7 tangential cylindrical filaments 


—a central one and 6 around it. Every continuous 


yarn can be represented by this picture, when divid- 
ing the filaments in 7 parts. A cross section appears 
as 7 circles of the same diameter, d—1 central circle 
and 6 circles tangential to the central one (Figure 2). 
The central points of the external circles are on a 
circle of diameter 2d, concentric with the central 


circle. 


Position of the Neutral Filament 


As a first approximation, the torsion has no in- 
fluence on the position of the central filament. The 
gravity center of any other filament describes a heli- 
coid on a cylinder with diameter 2d. The contrac- 
tion by torsion results simply from the length differ- 
ence between the helicoid axis and its development. 

The length, s, of a helicoid wound around a 





cylinder with diameter 2d is given by the formula: 
z= scos8@, (1 


z being the length of the helicoid axis and @ the 
inclination angle between the helicoid and its axis. 
6 is bound by the relation: 


tan 0 = 2rdt, (2) 


t being the number of turns per cm. and, hence, 
1/t being the step of the helicoid. 

If d’ is the diameter of the yarn with the same 
density, y’, as that of the 7 filaments: 


d’=dv7i or d=d'/v7. (3) 


Barella [1] found the quotient helicoid diameter / 
yarn diameter (2d/d’) for rayon to be 0.73. The 
present model gives 2/7, or 0.76, for this ratio. 

The difference between the theoretical value and 
Barella’s experimental value is small. 


Contraction by Twist 


Equation (1) can be written: 


(1 — z/s) X 100 = (1 — cos 6) X 100; 
(1 — z/s) X 100 = C (contraction in %). 


Therefore, 
C = (1 — cos @) X 100 


C = 100 x (1 co maaan ): 
v1 + tan’ @ 


From equations (2) and (3): 


"i 
tan @ = 2at <—- (5) 
V7 


The diameter of a yarn of count m (g./km.), con- 
sidered as a cylinder with density y’, is given by: 


| 4m 
‘= . 6 
d \ 310°’ (0) 
The twist coefficient, 


{vm 
v1000 


(7) 


Taking into account equations (6) and (7), equa- 
tion (5), giving the inclination angle of the helicoid, 


becomes: 
ai 4a 
tan @ = 7; de x 25%" 


Thus, equation (4) for contraction becomes: 


~ = 
T ce 
VN! + isp h 


C = 100 X 


If we let E = equation (8) becomes: 


4x 
1757’ 


C’ = 100 X (1 - 


=) 
v1+ ETY 


This is the formula of Besset [2] used by Barella 
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[1], where the value of & has been calculated from 
the geometrical model. 
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The Heterogeneous Hydrolysis of Methyl! Cellulose 


SOUTHERN REGIONAL RESEARCH LABORATORY * 
New Orleans, Louisiana 
October 31, 1950 


To the Editor 
TEXTILE RESEARCH JOURNAL 


Dear Sir: 


Steele and Pacsu [2] recently investigated the rate 
of hydrolysis of methyl cellulose and interpreted their 
findings as evidence in support of the concept that 
two different first-order chemical reactions occur in 
this degradation process. They believe that, initially, 
the reaction consists of the rapid hydrolysis of weak 
acetal linkages, while in the later stages the hydrolysis 
of the more stable glucopyranoside linkages predomi- 
nates. It is desired to point out that their data are 
equally compatible with another concept of the re- 
activity which does not require the occurrence of 
more than one reaction. 

According to the latter concept, rate of hydrolysis 
is essentially determined by the progressively de- 
creasing area of exposed surface of the cellulose or 
cellulose derivative undergoing reaction. Equivalent 
surface areas occur when hydrolysis has proceeded to 
equal extents under different conditions. The pro- 
viso that these conditions be not so dissimilar that 
the reaction proceeds by different mechanisms is met 
in the experiments of Steele and Pacsu. 

A plot of the Steele and Pacsu rate constants vs. 
degrees of polymerization (D.P.’s) from their 60°C 

*One of the laboratories of the Bureau of Agricultural 


and Industrial Chemistry, Agricultural Research Administra- 
tion, U. S. Department of Agriculture. 


experiment showed a linear relationship, and inter- 
polation on the best straight line gave rate constants 
at 60°C for D.P.’s that corresponded exactly with 
those obtained in their 80°C experiment. The ratio 
of these rate constants at the two temperatures and 
equal D.P.’s represents the temperature coefficient 
(20°C interval) for the reaction. A series of values 
for the temperature coefficient was obtained, and 
substitution of these into the integrated form of the 
Arrhenius equation gave apparent activation ener- 
gies. These values are given in Table I. 

Inspection of the table reveals no significant trend 
in temperature coefficients and apparent activation 
energies. Obviously, the simplest explanation of 
these data is that the degradation is brought about 
by a single reaction having an apparent activation 
energy of approximately 18 kg.-cal. per mol. It is 
interesting to note that this activation energy is simi- 


TABLE I. Hyprotysis or Metuyt CELLULOSE 
Apparent 
activation 

energy 

(kg.-cal./mol) 


18.0 


Temperature 
coefficient 
60°Ct (20°C interval) 

6.88 4.68 

6.34 3.38 14.2 
4.80 4.46 17.5 
3.40 6.38 21.6 
2.94 5.10 19.0 
2.44 4.43 17.4 
1.92 6.51 21.9 
1.78 4.38 17.2 


k X 10° sec.“ 
ar." 80°Cc* 
591 
536 
379 
236 
189 
138 

85 
70 


wae 
one et 


— ee NN Nw 
—a 


edt ect 
oo un oO 


Average 18.35 + 0.89 


* Data of Steele and Pacsu, Table VIII. 
t Calculated by interpolation from data of Steele and Pacsu, 


Table VII. 
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lar to the value (19.8 kg.-cal./mol) obtained by 
Moelwyn-Hughes [1] for the hydrolysis of methyl 
tetramethyl-a-D-glucopyranoside. The possibility of 
more than one reaction occurring in the hydrolysis 
of methyl cellulose is not excluded; but if, as Steele 
and Pacsu assume, rapidly hydrolyzing acetal link- 
ages and slowly hydrolyzing pyranoside linkages are 
involved, the two reactions must have similar activa- 
tion energies. 


Literature Cited 
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RicHarpD E, REEVES 
LAURENCE W. MAZZENO, JR. 


Authors’ Comments 


The data from our paper [4] which Reeves and 
Mazzeno have discussed above are not amenable to 
the treatment they propose for two reasons. 


In the first place, the data for both temperatures 


are scattered when plotted as they suggest, and, in 
order to be able to observe any trend, it is only rea- 
To do this sta- 
tistically, so that the probability of a constant ratio 
between the rates at the two temperatures may be 
accurately evaluated, is very difficult. since the vari- 
ables are not separated, k being a function of P as 
well as of t. Visual fitting of straight lines to the 
data, or their almost equally arbitrary fitting by “least 
squares,” leads to results which show an upward 
trend in the k,,/ky ratio (temperature coefficient). 


sonable to smooth both sets of data. 
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For example, for a pair of visually fitted lines the 
ratio is 4.25 at D.P. 700 and 5.62 at D.P. 50. We 
cannot put much faith in any result obtained from 
such methods, or in that of Reeves and Mazzeno, and 
do not see any evidence for a conclusion that “the two 
reactions must have similar activation energies,” even 
though this might be true. 

In the second place, the data are not extensive 
enough, particularly at 80°C. The difference in re- 
action rate for hydrolysis of the acetal linkage, which 
one of us [3] has proposed for cellulose, and for 
hydrolysis of the more frequent 1,4-glycosidic bond is 
so great that practically all of the more acid-sensitive 
bonds are broken before the slower reaction proceeds 
to any appreciable extent [1, 2]. The difference is 
such that they must almost be considered consecutive 
rather than simultaneous reactions. In order to find 
a changing temperature coefficient, data must be 
available for an appreciable extent of the second re- 
action. It is obvious from Figure 7 of our paper 
[4] that our data, especially those at 80°C, do not 
cover the second, very slow reaction to the necessary 
extent. 
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A Card Study on Production Cotton for 
Coarse Goods 


Herbert E. Kieke and Lyle E. Hessler 


Cotton Research,* Texas Technological College, Lubbock, Texas 


Propucrion COTTONS are the shorter sta- 
ples which go into coarse goods such as ducks, drills, 
Osnaburgs, and coarser sheetings. In coarse goods, 
yarn appearance is not as great a factor as in quality 
goods, largely because the irregularities are not too 
often noticeable in the finished product. Thus, the 
optimum carding rate is very important both from a 
cost basis and from the basis of the quality of the 
finished product. For this reason, a carding study 
was inaugurated to determine the optimum condition 
for card production by varying the doffer speed, and 
at the same time to determine the results with refer- 
ence to carded web, yarn, and fabric. 


The Card 


The function of the card is not always appreciated, 
nor are the full possibilities realized in many mills. 
The difference between good and poor carding can 
very often mean the difference between A and C 
grade yarns. 

There are a number of prerequisites for good card- 
ing which are often overlooked. Cotton should 
never be put through the opening equipment without 
a thorough inspection by cotton men who can readily 
recognize certain characteristics of the cotton and can 
act accordingly. If the cotton has been recleaned at 
the gin, it may be well to by-pass some of the opening 
equipment and thus eliminate the possibility of fur- 
ther damage by overworking the fiber. 


The removal 
* One of the laboratories sponsored by the Cotton Research 
Committee of Texas. 


of motes is important and this can best be accom- 
plished by the beaters after a close setting of at least 
} in. on the grid bars from the beater lugs. The 
picker beaters are also important and should be set 
close for maximum efficiency. Motes, if not re- 
moved, can give much trouble in carding because the 
card will cut them into small pieces, and those not 
removed will appear as neps in the card web. The 
proper setting of the mote knives in the card is also 
important. If the knives are correctly set, few motes 
will get by into the card to form neps. The mote 
knives should be set at an angle (18°) toward the 
licker-in ; the first knife should be set at .012 in. and 
the second one at .010 in. for the best results. The 
picker lap will often give information on the opera- 
tion of the picker, and only a soft, uniform, firm lap 
will give the best results in carding. If the lap is 
irregular, the settings of the grid bars should be 
checked to make sure the cotton is being properly 
opened. Furthermore, the rate of feeding the picker 
is highly important to the uniformity and density of 
the picker lap. Also, the finer the cotton the more 
dense the lap, which points up the necessity of know- 
ing the physical character of the cotton in order to 
make the proper adjustments for a good soft lap. 

The rate of carding is largely controlled by the 
cotton staple length and fineness. The present re- 
port deals with the short-staple or production cot- 
tons; therefore, the card production will be at least 
10 lbs. or more per hr. 
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The card is a piece of equipment which will, in a 
large sense, depend upon the skill and willingness of 
the operatives for its operating efficiency. Some 
cards have idiosyncrasies which do not respond to the 
conditioning of even the best card men—that is, no 
amount of persuasion in the way of conditioning or 
setting will make some cards operate efficiently at all 
times. Therefore, a card, in order to function prop- 
erly, must be thoroughly understood from every as- 
pect. They should be as vibration-free as possible 
and in a good state of repair in order to obtain maxi- 
mum operating efficiency. Worn bearings, for ex- 
ample, will make close settings difficult to maintain. 

Settings and other conditions of carding are shown 


in Table I. Most of the settings listed are considered 
to be standard, with the exception of a few, which are 
somewhat closer. The card was ground prior to the 


test and stripped every 3 hrs. 


Cotton and Fiber Properties 


The fiber properties shown in Table II are for the 
raw stock and picker lap for two different varieties, 
one sample of each having average fineness and one 
classed as fine. Most of the cotton in the test aver- 


ages close to }3 From a mill stand- 
point, the cotton is strictly a production type, for the 


manufacture of coarse goods. 


in. staple length. 


An ifispection of the 
table shows that the opening equipment, up to the 
card, in processing for spinning has a tendency to 
remove some fine fiber and thus increase maturity. 
Prior to carding, the cotton was put through a lattice 
opener, a Buckley beater, a vertical opener, and a 
single-process picker. Although strength showed an 
increase through processing in all samples tested, this 
will not necessarily hold for all types of cotton. 





TABLE I. Setrincs anp Conpitions oF CARDING 


.007 in. 
012 in. 
.010 in. 
.007 in. 
022 in. 
.022 in. 
O11 in. 
.010 in. 
.022 in. 
.007 in. 
.010 in. 
.007 in. 
010 in. 
019 in. 
034 i 
is ii 
022 i 
39 i 


Feed plate to licker-in 
Top mote knife 
Bottom mote knife 
Licker-in to cylinder 
Upper-edge back plate 
Lower-edge back plate 
Flats to cylinder back 
Flats to cylinder center 
Front plate to cylinder 
Doffer to cylinder 
Doffer comb to doffer 
Licker-in screen front 
Licker-in screen back 
Cylinder screen back 
Cylinder screen center 
Cylinder screen front 
Flat stripping comb 
Lap guide 

Cylinder speed 168 
Licker-in speed 428 
Flats 3 
Lap 12 
Sliver 40 


approximately 
r.p.m. 
r.p.m. 
in./min 
oz. 
gr./yd. 


Length did not change in any consistent manner ; nor 
did length uniformity. The data on fiber properties 
indicates that the opening equipment removes mostly 


fine, immature fiber along with foreign matter. 


Results 


As the doffer speed increases from 4 to 15 r.p.m. 


the neps increased from 2 to 3 times, as shown in 
Table III and Figure 1. Samples M-2 and H-4 were 
the finest cottons and showed the greatest number of 
Sample H-4 had a greater tendency toward 
The yarn ap- 
pearance grades did not decrease in proportion to the 


neps. 
neppiness than any of those tested. 


TABLE II. Fiser Properties or Corton In CARDING TEST 


Upper-half 
mean length 
(in.) 


86 
.86 


Sample Cotton 


M-2 


(in.) 


.67 
66 


Raw 
Picker lap 


Raw 
Picker lap 


83 
.84 


.67 
67 


Raw 
Picker lap 


86 
.84 


66 
.64 


Raw 
Picker lap 


83 
.80 


66 
64 


Mean length 


Fiber strength 
(Pressley) 
(1000 Ibs. 
per sq. in.) 


73.6 
77.7 


Fineness 
(Micronaire) 


3.0 
3.4 


Length 
uniformity 
78 
77 


Maturity 


79 
81 


79 
80 


82 
82 


75.6 4.0 
79.3 


80 
85 


77 
76 


85 
88 


80 
80 
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TABLE III. Anatysts or Nee Count or CArp WEB FOR 4 SAMPLES OF COTTON 


Neps per 100 sq. in. card web for doffer speeds (r.p.m.) of: 
Sample 5 6 7 8 9 10 11 12 13 


M- 29 34 33 37 43 44 47 63 
M-. 15 14 22 a 18 21 31 30 41 
H- 36 37 49, 52 50 67 92 82 
H-5 16 18 24 26 38 43 40 52 


. , = 
ws ou 


= 
= 


NmNNmMN UW 


wn 


Average 24 26 32 38 33 38 46 52 59 
Trend ~ 27 29 31 33 37 40 46 52 58 
Index* 66 71 76 81 90 98 112 127 141 


* Average number of neps for all samples at all speeds (41) has a nep index of 100. 


number of neps. The greatest decrease in yarn ap- less than one grade. Thus, the data indicates that 
pearance was one grade, which occurred in sample high rates of production can be used without mate- 
H-4, the neppiest cotton. All others decreased by  rially affecting the yarn appearance to any great ex- 
tent when making coarse goods. Yarns made from 
cottons of the physical character shown in Table II 
are capable of producing coarse goods of very accept- 
able quality. Figures 2 and 3 show a drill and a 
16-0z. “number duck,” respectively, made from this 
cotton and carded at 13.5 lbs. per hr., both of which 
will pass a B-grade or better fabric. Furthermore, 
Table IV and Figure 4 show that yarn strength is 
not too greatly affected by fast carding of short-staple 


NEP INDEX 


DOFFER xen 


Fic. 1. Change in nep index with doffer speed. 


Fic. 3. Number duck: 34 in.; 36 X 28; 16 os. Yarn 
breaks *: warp 10’s/4, 9.91 lbs.; filling 13’s/3, 4.3 lbs. 
Fabric breaks: warp, 361 lbs.; filling, 166 lbs. The dis- 
proportionate strength of the filling with respect to that 
of the warp was brought about by not having a loom 
that would withstand the tremendous pressure exerted 


Fic. 2. Drill: 36 m.: 72 xX 48> 208 yds. Yarn he heawier filling 


breaks: 14's warp, 135.5 lbs.; 11's filling, 183.3 Ibs. 
Fabric breaks: warp, 126.2 lbs.; filling, 98.2 lbs. 


* Single-strand break. 
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. 4. Strength difference from the mean for 14's and 
22’s yarn plotted against rate of carding. 


cotton under conditions of the test. From a statis- 
tical standpoint, in about 67% of the cases yarn 
strength will fall within the limits of the average + 


the amount of the standard deviation. The standard 
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deviation for strength with respect to fineness is not 
great for 14’s yarn in either the M-2, M-3 series or 
the H-4, H-5 series. With respect to the 22’s yarn, 
the differences in fiber fineness may influence yarn 
strength significantly. The values for the yarns with 
the lower yarn numbers deviate further from the 
mean in all cases. A possible explanation is that a 
greater number of fibers per unit area along with 
greater strength will, of necessity, show greater diver- 
In other words, the differences with refer- 
ence to strength will be magnified. 


gence. 


Discussion and Summary 


With nearly a third of the nation’s cotton crop 
having a staple length of less than 1 in., the impor- 
tance of such a crop from the textile manufacturers’ 
Cotton 


standpoint cannot be overestimated. from 


TABLE IV. Nep Count, YARN APPEARANCE GRADE, AND STRENGTH AT INCREASING DoFFER SPEEDS 


Doffer speed (r.p.m.) 4 5 6 7 8* 


Series M-2 
Neps per 100 sq. in 33.6 


Yarn grade, 14's d t B+ 
Yarn grade, 22's F F B+ 


139.9 
78.7 


Yarn strength,t 14's 
Yarn strength, 22's 


Series M-3 
Neps per 100 sq. in. 


Yarn grade, 14's 
Yard grade, 22's 


Yarn strength, 14's 
Yarn strength, 22's 


134.0 
73.9 


Series H-4 
Neps per 100 sq. in. 


Yarn grade, 14's d A- 
Yarn grade, 22's B+ 


Yarn strength, 14's 
Yarn strength, 22's 


149.1 
82.9 


Series H-5 
Neps per 100 sq. in. 26. 15.7 
Yarn grade, 14's B+ 
Yarn grade, 22's \ 


138.7 
74.9 


138.6 
77.6 


139.5 
76.4 


Yarn strength, 14's 34. 
Yarn strength, 22's 74.0 
* Doffer speed of 8r.p.m. = 7.0 lbs. cotton per hr. 
Doffer speed of 12 r.p.m. = 10.9 lbs. cotton per hr. 
Doffer speed of 15 r.p.m. = 13.5 lbs. cotton per hr. 
t Yarn strength in Ibs 


9 10 11 12* 


Standard 

Mean deviation 
139.6 2.22 
79.4 2.02 


139.9 
81.6 


29.9 


B+ 
B+ 
Standard 
Mean deviation 
134.8 2.04 
74.5 1.67 


138.4 


76.5 


92 


B 
B 
Standard 
Mean deviation 
147.: 5 146.7 2.74 
83 83.0 2.35 


Standard 

Mean deviation 
136.2 2.82 
74.7 1.82 





174 


j-in. and longer staple are not apt to give trouble in 
spinning and in processing for spinning. For staple 
shorter than { in., long draft equipment is essential 
and only good processing and carding will give uni- 
form yarns to meet top specifications. The present 
card study shows that maximum carding rate will not 
greatly affect the yarn 


appearance or strength. 
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Thus, the economy realized by substituting these 
shorter staples in coarse goods may be very profitable. 
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A Fatigue Test for Tire Cord 


Chester B. Budd 
Research Center, The B. F. Goodrich Company, Brecksville, Ohio 


| IRE CORDS are ultimately evaluated by their 
performance in tires. 


This is a costly and time- 
consuming method for evaluating tire-cord variables. 
There is a need for screening tests which will at least 
Brad- 
shaw [1] was unable to find a single fatigue tester 
which he could recommend as a standard. 

The fatigue machine for tire cord [2] described in 
the present paper, which is not included in the Brad- 
shaw report, is based on the premise that tires in 
service subject cords to repeated flexing stresses and 
that any test which measures this effect in a quanti- 
tative manner would be helpful as a screening test 
for potential tire-cord material. 


minimize the necessity for building test tires. 


Description of Machine 


The drawing (Figure 1) and the photograph (Fig- 
ure 2) give the general appearance and structural 
features of the machine. The flexing rolls and spur 
gears are a single unit of stainless steel. The flexing- 
roll face is given a slight concave curvature to pre- 
vent sidewise cord migration. The rolls are ma- 
chined to give a flexing diameter of 0.21 in., and the 


surfaces are brought to a high polish with 4/0 emery 
paper. These flexing rolls are free to rotate about 
small shafts that are rigidly attached to a rotating 
dise just in back of the internal gear. The rolls are 
moved by rotation of the disc, and this motion is con- 
strained by virtue of the meshing contact between the 
spur-gear portion of the rolls and the stationary in- 
ternal gear. Rolling contact is approximated be- 
tween the cord and the rolls, but some relative move- 
ment between the two does take place. The rolls are 
polished in order to minimize the friction due to rela- 
tive movement of cord and roll; the purpose of the 
positive gearing is to make the effect of this slight 
movement constant. The cord is flexed 92 times per 
min.; when it fails, the weight, in falling, contacts a 
microswitch which stops an electric clock. When 
the last cord fails, the weight automatically opens the 
circuit of the input line, shutting off the machine. 


Nature of Fatigue Failure 


It is always desirable to know the mechanism of 
failure of a material for any type of fatigue test. In 
the original design it was evident, from computation, 
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Fic. 1. Schematic drawing of 
flexing unit of fatigue machine. 
Above—T op view. Below—Side 


Tew. 


Fic. 2. Photograph of fatigue machine 


that relative displacement between the cord and the 
rolls did exist. Thus, there was the possibility that 
the test measured abrasion between the roll surface 


and the cord. In order to decide whether the dis- 


placement of the cord on the rolls was a major cause 
of cord failure, the flexing rolls were rigidly attached 
to the shafts. 


With this arrangement, flexing was 
accompanied by maximum slippage of cord on rolls. 


nti ae 


Using identical cords and loading, the flex lives ob- 
tained were 2.7 hrs. and 2.5 hrs. for the frozen-roll 
method and gear-driven-roll method, respectively. 
The data for the frozen-roll method were 1.6 times 
The 
difference in the values obtained was not considered 
significant. 


as variable as those for the gear-driven method. 


rather conclu- 
sively that cord flexing is the chief cause of failure 


These results indicate 
in this test and that abrasion due to slippage of cord 
on rolls plays a very minor part. It thus appears 
that repeated flexing of a cord on this machine brings 
about the relative displacement between the compo- 
nents of the cord itself. This displacement brings 
into play fiber to fiber abrasion, which ultimately so 
weakens the cord that it is no longer able to support 


the static load. 


Statistics of Typical Data 


Repetitive lengths of a specific rayon tire cord 
were fatigued to failure, and the data obtained were 
analyzed statistically. The significant results were 
as follows: 


Tensile 14.8 Ibs 
Static load 3.1 Ibs. 
Average flex life 2.52 hrs. 
Standard error 0.023 hrs 
Standard deviation 0.691 hrs. 
Coefficient of variation 27% 
Number of tests 91 


The standard error for a 32-cord test was 0.1 hr. 





% of CORDS WITH LIVES EQUAL TO AND LESS THAN INDICATED LIFE 


FLEX LIFE — HOURS 
Fic. 3. Frequency distribution of cord fatigue life 


(plotted on probability paper). 


The data were also plotted on normal probability 
paper (Figure 3). It is apparent that the frequency 
distribution is normal and that the variations are due 
to chance effects only. 


Effect of Cord Properties on Flex Life 
Surface Finish 


A commercial rayon tire cord having a flex life 
of 2.43 hrs. under a given load had a flex life of 0.06 


hr. when the finish was removed by immersion of the 


cord in ethanol. When a cord made from yarns hav- 
ing no finishing treatment was tested, the results 
obtained were identical with those wherein the finish 
was removed with ethanol. 

When a cotton tire cord is extracted with a 1:1 
mixture of alcohol and benzene, fats and waxes are 
removed, the interfiber friction is increased, and the 
cord tensile goes up. Due to the greater interfiber 
friction the flex life should decrease. A typical ex- 
periment yielded the following results: 


Flex life 


(hrs.) 


Tensile 
(Ibs.) 


1.24 19 
0.84 24 


Cotton cord 
Control 
Extracted 

The use of the same static load in both cases defi- 
nitely favored the stronger extracted cord, but, de- 
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Fic. 4. Effect of twist on cord fatigue life. 


spite this, the flex life was still lowered. . Treatment 
of cotton cords with siliceous materials like Syton, 
which increases interfiber friction, also increases ten- 
sile and reduces flex life. 


Cord Twist 


A series of rayon tire cords of various twist con- 
structions were weighted with identical static loads 
The data obtained are graphically 
presented in Figure 4. 


and were flexed. 
Overtwisting lowers the cord 
tensile, but improves the flex life. Since both of 
these are desirable tire cord properties, a compro- 


mise has to be made for optimum usage. 


Nature of Cord Material 


If nylon, rayon, cotton, Fortisan, and Fiberglas 
cords are tested under equivalent loads, the relative 


flex-life rating is as indicated in Figure 5. The rela- 


FLEX LIFE - HOURS 








4 Fibergios 


Relative fatigue rating of cords made from 
different materials. 


Fic. 5. 
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tive rating of these cords in tires is also in the same 
order. 

In a study of the flexing properties of tire cord 
it was observed that tire cord made from cotton 
linters is superior to tire cord made from wood pulp. 
In order to study this effect further, there was ob- 
tained, through the courtesy of American Viscose 
Corporation, a series of identical cords with varying 
percentages of wood pulp in the original cellulosic 
material reacted to make the viscose. The results of 
this series are plotted in Figure 6 (a). It is evident 
from this graph that tire cord flex life decreases 
linearly with increase in the wood pulp charging 
ratio. It has been observed that wood pulp rayon 
cords from three different sources gave very nearly the 
If there 
is a superiority in cotton-linters tire cord, then it 
should reveal itself in better tire performance ; no such 
superiority has been noted. 


same flex life under comparable conditions. 


Rayon tire cords made 
from wood pulp and those made from cotton linters 
give equally good performance in tires. This indicates 
that either the flex test described does not correlate 
closely with tire performance or the subsequent proc- 
essing treatments level-out whatever superiority may 
be initially inherent in rayon cords made from cotton 
linters. In order to determine the effect of adhesive 
application, these linters-wood pulp cords were dipped 
The 
results for these dipped cords are plotted in Figure 
6(b). It is evident from these data that a consid- 


in a 12% resorcinol-formaldehyde-latex dip. 


erable portion of the original superiority of rayon 
cords made from cotton linters is lost after the cords 


have been dipped in a commercial adhesive. 
Since, after dipping and calendering, tire cords are 
further subjected to a curing temperature, this condi- 
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% wood PULP 
. 6. Effect of wood pulp concentration in viscose 
dope on fatigue properties of finished cord. 
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tion was simulated in an approximate fashion by 
aging the above dipped cords at 300° F for 1 hr. 
After such aging the cords were reconditioned in the 
testing room and were then tested for flex properties 
under the identical conditions used in the preceding 
tests. The results are shown in Figure 6(c). It 
appears that any superiority originally inherent in 
tire cord made from cotton linters is further dissi- 
pated by this heat treatment. 


Cord Adhesive 


Rayon cord, before it is processed into tires, is 
treated with an adhesive, such as resorcinol-formal- 
dehyde-latex, in order to improve the adhesion of 
the cord to rubber. For this series of experiments, 
typical rayon tire cords with varying deposits of 
adhesive were used. The results are shown in Fig- 


ure 7. It is evident from these results that the 
application of adhesives to rayon cords seriously im- 
pairs their ability to resist flexural strains. It is 
known that insufficient adhesion of tire cord in rub- 
ber produces premature failures in tires. Too much 
adhesive is also undesirable. Since the flex fatigue 
test herein described measures a cord property which 
is essential for good tire performance, a compromise 
has to be effected between adhesion and flex per- 
formance in order that the over-all properties give 


a cord of maximum serviceability. 


Heat-Degraded Cords 


Rayon tire cord was aged at 260°-270° F for vari- 
ous times and then tested for tensile and flex life. 
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Fic. 7. Effect of adhesive concentration on fatigue life 
of treated cord. 
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The data obtained follow : 


Flex life 
(hrs.) 
2.6 
5 
Jl 
A] 


- 


/ 


Tensile 
(Ibs.) 
15. 
15. 
15. 


Aging time 


(hrs.) % Loss 


% Loss 


— 2.6 
—1.3 
15. 0.7 
15. 0 

14.6 4.6 
14.6 4.6 
14.2 7.2 
13.7 10.5 


on 
wre usw 
— et ee et OD ND 


Ono er Or Nm CO 
¢ - 
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On the basis of the above data, it is evident that the 
flex test is a more sensitive one for evaluating heat 
degradation in tire cord than is the tensile test. 


Effect of Static Load 


Figures 8 and 9 illustrate the dependence of flex 
life on static load. It was found that the variability 
of the data obtained increased with the static load 
used. Figure 10 illustrates the dependence of the 
coefficient of variation (ratio of standard deviation 
to average, expressed as % ) on static load. 


Fatigue Tester Series 


American Viscose Corporation prepared a series 


of tire cords and sent them to various companies 
that used different types of fatigue machines. 


It was 
hoped that a correlation of the data obtained by using 
these machines might assist in the selection or the 
development of a standard flex testing machine. 
Three reports on this cord series were published [1]. 
Since this publication the flex test described herein 
was developed in the Textile Research laboratory 


of The B. F. Goodrich Company. Results from the 


LIFE - HOURS 


> ea 
LOAD - Les. 


Fic. 8. Effect of static load on fatigue life of tire cord. 
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new flex test on this cord series are tabulated below. 
All cords were tested at a static load of 3.1 Ibs. 
Other physical data on this cord series may be found 
in the above-cited publication. 


Flex life 


Sample No. (hrs.) 


Summary 


A new fatigue test for yarns and cords has been 
developed that is based on repeated flexing or bend- 
ing of the cord while it is maintained under a static 
load. An index of fatigue life is the time taken for 
the cord to break under this load. The mechanism 
of failure is indicated to be an internal abrasion be- 
tween the fibers (filaments) of the cord structure. 
Lubricating the filaments with various textile finishes 


HOURS 


° 


FLEX LIFE ~- 


ee 3t at 
LOAD - LBS 
Fic. 9. Effect of static load on fatigue life of tire cord 
(plotted on semilog paper). 





Marcu, 1951 


100 
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60 


COEFF of VARIATION 


LOAD — LBS. 


Variability of fatigue life as a function of 
static load on cord. 


considerably improves their performance. It has also 
been shown that heat degradation of rayon tire cord 
can be more adequately studied with this machine 
than by the use of a standard tensile test. It is 
shown that the application of increasing amounts of 
a commercial adhesive to rayon tire cord progres- 
sively lowers the flex life of such cords, up to a point. 
It is also shown that high-tenacity rayon cord made 
from cotton linters, regardless of its manufacturing 
source, has always been superior to wood-pulp rayon 


179 


in this test. 


This can hardly be ascribed to the sur- 
face finish since the finishes used for wood-pulp 


rayons in one case were also those used for cotton- 
This superiority of the latter is lost 
as a result of the subsequent treatments the cords are 
subjected to prior to processing into tires. The test 
rates the ‘various textile materials used or suggested 


linters rayons. 


for use in tires in the correct relative order and has 
indicated a reason for the overtwisting, from the 
standpoint of loss in tensile from the maximum ten- 
sile, of commercial rayon cord structures. Since 
some of the tests were performed under conditions 
where there was no humidity or temperature control, 
the data should be considered as indicating relative 


trends rather than as fixing absolute values. 
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Book Reviews 


Physical Chemistry of Dyeing. Thomas Vicker- 
staff. London and Edinburgh, Oliver and Boyd, 
and New York, Interscience Publishers, Inc., 1950. 
416 + viii pages. Price, $7.50. 


(Reviewed by G. L. Royer, American Cyanamid 
Company, Calco Chemical Division, 


Bound Brook, N. J.) 


This book, written in 1946 and recently published, 
covers the scientific approach to one of the oldest 
Unfortunately, some excellent work 
reported from 1946 to 1950 has not been covered. 
Work which apparently was done at the author’s 
laboratories before 1946 and published recently has 
been included. 


arts—dyeing. 


The physical chemical viewpoint 
compromises the older chemical and physical ap- 
proaches, and this book ably covers the field. 

The book has been divided into two parts—one, 
The first chapter, A 
General Survey of the Dyeing Process, is so general 


general; the second, specific. 


that it could easily have been incorporated into some 
of the later chapters in the specific part of the book. 
The second chapter, The Purification and Estimation 
of Dyes, was wisely included, since the properties of 
the dyes themselves are not usually considered al- 
though they are important in any study of dye 
application. The third chapter, The Colloidal Prop- 
erties of Dye Solutions, is also a worth-while addi- 
tion. Chapter four, Dyeing Equilibria, and chapter 
five, The Kinetics of Dyeing, cover two subjects on 
which the author is well qualified to write because 
of the number of publications of his own in these 
fields. 

Part II contains specific chapters on the dyeing of 
cellulose, cellulose acetate, protein fibers, wool, and 
polyamide fibers. The author has coveréd the scien- 
tific approach to the dyeing of these fibers very well, 
and he has included, in addition to his own work, 
references to many papers in the literature. 

While this book will not be of any great interest 
to the dyer who is an artisan, it will be of great 
interest to anyone who is interested in a serious 
study of dye application. This book brings together 
much information which was previously scattered 
throughout the literature, and it should be considered 


a contribution of great value in obtaining a better 
understanding of a very complicated subject. A 
better understanding of the phenomena treated by 
the author will help to advance both the science and 
the art. 


Introduction to Textile Chemistry. Bruce FE. 
Hartsuch. New York, John Wiley & Sons, Inc., and 
London, Chapman & Hall, Ltd., 1950. 413 + ix 


pages. Price, $4.75. 


(Reviewed by Harris M. Burte, Textile Research 
Institute, Princeton, N. J.) 


The author states that: “This book has been de- 
signed and written as a textbook for college students 
and teachers who have a knowledge of the theoretical 
and applied chemistry that forms the foundation for 
the development of every student entering the field 
.”’ Jt is intermediate between the 
more common extremes of a “cookbook’’ presenta- 
tion and an advanced treatise. 


of textiles. 


Any reader with a 
college background of basic inorganic and organic 
chemistry should be able to follow the presentation. 

Although emphasis is on the chemistry of the tex- 
tile materials, one never loses sight of the fact that 
it is usually the physical properties of the fiber which 
determine its end use. Cotton, rayon, wool, silk, and 
nylon and other synthetic fibers are discussed. There 
is a general chapter on cellulose chemistry, as well as 
sections on the chemistry of soap and water. A 
separate chapter discusses and compares the physical 
properties of the various fibers. Introductory chap- 
ters on chemical calculations and organic chemistry 
will be helpful to those who are “rusty” in these 
subjects. The author’s style is simple and very 
readable. The chapter on chemical calculations, 
however, is presented in too elementary a fashion, 
being incongruous with the general level of inorganic 
chemistry background required for the rest of the 
book. 


culations, for example, would be more useful than 


Additional information on stoichiometric cal- 


the section on simple mathematical operations such 
as the calculation of a percentage. 
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In various places (1.¢., the section on wool felting ) 
the author points out that our knowledge of textile 
chemistry is incomplete, and presents some of the 
current conflicting theories. This message might 
well have been strengthened. In a rapidly develop- 
ing field such as textile chemistry, every opportunity 
should be taken to impress the neophyte with the 
fact that much more research is needed and that 
many of our present-day concepts will shortly be 
outmoded. 

In general, the author’s intentions have been well 
executed. The book will be useful both as a college 
text and as preliminary reading for chemists entering 
the textile field. 


Colloid Chemistry. Vol. VII. 
Alexander. New York, Reinhold Publishing Corp., 
1950. Price, $16.50. 

Advances in Colloid Science. 
by H. Mark and E. J. W. Vervey. 
Interscience Publishers, Inc., 1950. 
Price, $7.50. 


Edited by Jerome 


750 pages. 
Vol. III. Edited 
New York, 
384 + xi pages. 


(Reviewed by Earl K. Fischer, National Bureau of 
Standards, Washington, D.C.) 


The first book under consideration here is the 
seventh volume in the remarkable Colloid Chemistry 
series, edited by Jerome Alexander. Aggregating 
more than 6,600 pages, with contributions from more 
than 300 authors, and spanning a quarter of a cen- 
tury in publication, the set is an encyclopedia on 
colloidal and surface phenomena. An eighth volume 
Dr. Alexander should be 
commended for this monumental achievement, for he 
elicited many contributions that would never have 
found their way into manuscript form and eventually 
into print if his persuasion had not been felt by 
scientist, technologist, and executive. 


is now in preparation. 


The editor has allowed each author entire freedom 
in exposition and choice of material, and he has 
shown restraint in amendation, usually confining his 
editorial influence to footnotes signed with his in- 
itials. The result is a set of volumes with an ex- 
It should be observed 
that there is an inevitable variation in style and com- 
pleteness of the different articles, but of the compe- 
tence of the many authors there is rarely any ques- 
tion. 


treme range in subject matter. 


Many of the articles in the early volumes have 
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aged well; others are obsolete; some have been ex- 
panded by the original authors into sizeable mono- 
graphs. 

Volume VII is a collection of 43 papers on diverse 
subjects by 45 authors. The range of topics is from 
nuclear science to the technology of protective wrap- 
pings, and from the scourges of chemical warfare 
and cancer to the healing mechanisms of antibiotics. 
The book makes fascinating browsing, for it is im- 
possible to pick it up without finding something of 
interest. 

For those with a primary interest in textiles, the 
following papers will prove valuable: “The Relation- 
ship Between Constitution and Mode of Action of 
Soaplike Colloidal Electrolytes,” by A. Chwala ; “The 
Relation Between Chemical Structure and Perform- 
ance of Detergents,” by D. S. P. Roebuck; “Gra- 
ham’s Salt and Its Uses,” by T. H. Daugherty ; 
“Chemical and Physical Modification of Textile 
Fibers,” by H. C. Borghetty. A number of the con- 
tributions cover topics of peripheral interest to tex- 
tile scientists—for example, there are reviews on 
wood as a colloid system by H. Tarkow and A. J. 
Stamm ; on asphalt by R. N. Traxler ; and on empiri- 
cal viscosity functions by A. K. Doolittle. 

The format of this volume is somewhat different 


from that of its predecessors in the use of a heavy 


coated paper stock and more open typesetting, which 
contribute to improved legibility and superior half- 
tone reproduction. Unusually thorough author and 
subject indexes facilitate use of the volume for 
reference. 

The second book under consideration is Volume 
III in the Advances in Colloid Science series. The 
first volume of this series appeared in 1942. The 
second volume, published in 1946, contained a group 
of papers on the analysis and characterization of the 
rubbery state. The present volume treats a diversity 
of subjects in seven articles by nine authors. 

The article “Fatigue Phenomena in High Poly- 
by J. H. Dillon, is of special interest. A 
monograph in itself (100 pp.), it is a careful weigh- 
ing of the experimental data and theoretical picture 
of polymeric material under stress. 


mers,” 


Dillon has de- 
fined and classified fatigue phenomena and has an- 
alyzed the differences between fatigue-testing instru- 
ments. His discussion ranges well beyond “fatigue,” 
for there are many observations on the physical prop- 
erties of polymers in fiber form that are so important 


in understanding processing variables and the char- 
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acteristics of yarns, cords, and fabrics. The conclu- 
sion reached was that the theories thus far proposed 
for fatigue phenomena are imperfect and that for a 
better insight into the “true” nature of polymers it 
may be desirable to set aside the practical indexes of 
endurance limit and critical creep stress that figure 
so prominently in these studies. 

Other papers on subjects of interest to colloid 
science are as follows: “Forces in Adsorption,” by 
J. H. de Boer; “Surface Chemistry,” by A. E. 
Alexander ; “Electrophoresis,” by J. Th. G. Over- 
beek; “Lyogels,” by A. E. Hauser; “Centrifugal 
Sedimentation of Polymers,” by P. O. Kinell and 
B. G. Ranby; and “Flotation,” by S. R. B. Cooke. 

The book has an adequate subject index but lacks 
an author index. 


High Polmers, Vol. II: Physical Chemistry of 
High Polymeric Systems. H. Mark and A. V. 
Tobolsky. Second Edition, completely revised and 
augmented. New York, 
Inc., 1950. 506 + xi pages. 


Interscience Publishers, 
Price, $6.50. 


(Reviewed by Charles H. Lindsley, American Enka 
Corporation, Enka, N. C.) 


In the first edition of this work (1940), Mark 
stated that it was “devoted to the task of summariz- 
ing . . . all the fundamental knowledge of the physi- 
cal chemistry of material structure which appears 
necessary to a comprehensive treatment of the high 
polymers.” The implication was that general prin- 
ciples were given but that their application to poly- 
meric systems was, to a considerable degree, omitted. 
It was clear that this omission was largely due to 
The 
new edition abounds in applications of fundamental 
knowledge to polymeric systems of many kinds. 

The first two-thirds of the old edition has been 
taken over into the new with little change, except for 
inclusion of illustrative material. This section treats 
of the basic physicochemical concepts of molecular 
structure as shown by diffraction and polarization 
measurements and studies of molecular spectra ; pri- 


the scantiness of suitable illustrative examples. 


mary and secondary valence forces ; crystal structure ; 
and molecular arrangement in liquids. 

The remainder of the book has been almost com- 
pletely rewritten, the last 130 pp. being expanded to 
240; it is the second half of the new edition that 
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reflects the tremendous activity in the field of high 
polymers during the intervening years. The number 
of pages alone does not account for all the new mate- 
rial, for the earlier treatment of several topics that 
are readily available in physical chemistry texts (e.g., 
properties of binary mixtures, osmotic phenomena ) 
have been considerably shortened. 


The first chapter, Thermodynamics of Solutions, 
includes consideration of entropy and free energy 


effects in polymer solutions, with a short discussion 
of fractionation of heterogeneous polymers. In the 
next chapter, Kinematics of Liquids and Solutions, 
much of the earlier treatment of theory of viscous 
flow has been replaced by discussion of such recent 
ideas as free drainage and hampered flow of solvent 
through coiled molecules. 
mentioned. 


Flow birefringence is 


An entirely new chapter (43 pp.) on the mechani- 
cal behavior of high polymers, deals with elastic and 
viscoelastic phenomena, the latter in terms of the 
now familiar spring-and-dashpot models. Properties 
of linear amorphous polymers are interpreted in 
terms of molecular arrangement, the most attention 
being paid to the temperature range in which their 
behavior is “rubbery.” Chemorheology (viscoelas- 
tic behavior resulting from chemical changes occur- 
ring in polymeric materials) and the effects of 
amount, size, and distribution of crystallites on me- 
chanical properties are briefly discussed. 

A few pages in the first edition on kinetics and 
mechanism of polymerization have been expanded 
into two chapters (nearly 100 pp.) on step- and 
chain-reaction polymerization. The latter includes 
discussions of copolymerization, emulsion and ionic 
polymerization, redox systems, catalysts and _ re- 
tardents, etc. The last chapter deals with degrada- 
tion of high polymers; a theoretical treatment of 
changes in chain-length distribution is followed by 
consideration of cellulose degradation, depolymeriza- 
tion reactions, and oxidation of polymers. 

The authors have undertaken to compress a great 
variety of 
500 pp. Obviously, full treatment could not be 
given to all or even to most of the topics. This 
limitation the authors recognize in the preface; the 
more recent developments, not yet covered in widely 


topics within the confines of less than 


available treatises, have properly been allotted more 
space than ‘well-established topics which are ade- 
quately treated elsewhere. The numerous references 
to original papers, review articles, and monographs 
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direct the reader to fuller treatments of specific 
topics. 

As an introduction to the basic principles in a 
complex and rapidly growing field, and as a guide 
to the literature, students and research workers con- 
cerned with natural and synthetic high-polymeric 
substances will find this book of great value. 


Cellulose-Water Relations: A Selected Bibli- 
ography with Special Reference to Swelling of 
Cotton and to Its Utilization in Water-Resistant 
Fabrics. Mary L. Rollins, Hazel H. Fort, and 
Dorothy B. Skau. Washington, D. C., U. S. Dept. 
of Agriculture, Library List No. 44, 1949. 63 pages. 
(Available on request from Southern Regional Re- 
search Laboratory, 2100 Robert E. Lee Blvd., New 
Orleans 19, La.) 


Although the subject matter of this bibliography 
relates principally to the mechanisms of moisture 
absorption and swelling in cellulosic materials and 
their utilization in the development of water-resistant 
cotton fabrics, there are many references to fibers 
and fabrics other than cotton, to fundamental studies 
of the mechanisms of sorption and swelling in gen- 
eral, and to physical properties and structural rela- 
tionships. 

The cover the 
period from 1917 to July, 1946, and are arranged in 


523 references in the collection 
5 principal groups—general; methods of moisture 
and swelling determination in cellulosic materials ; 
effects of moisture on properties of cellulose fibers ; 
fundamental investigations of the mechanism of swell- 
ing and sorption; and utilization of swelling in fab- 
rics. Accompanying each reference is an abstract of 
the article. The items are arranged first chrono- 
logically and then alphabetically by author, with de- 
pendence principally upon a comprehensive subject 
index. 

This appears to be a critical selection of the more 
important material published during the period 
indicated. A supplement covering 1946-1950 is in 
preparation. 


Cotton Weaving. Cotton Weaving Productivity 
Team (British). London, Anglo-American Council 
1950. 62 Price, 
(Available, without charge, from Office of Informa- 
tion, Economic Cooperation Administration, Wash- 


ington, D, C.) 


on Productivity, pages. 


/-. 
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Under the auspices of the Anglo-American Coun- 
cil on Productivity, a group of men from the British 
cotton industry visited representative cotton mills in 
the U. S. in October and November, 1949. The 
team was comprised of 4 members of works’ manage- 
ment level, 4 technicians, 4 operatives, and a secre- 
tary. The primary purpose of the visit was to study 
American practices and machinery in weaving, and 
also ancillary services, whether technical, clerical, or 
administrative. The weaving, spinning, and doubling 
teams. visited the mills together. By means of fre- 
quent meetings of the combined teams, and due to 
the fact that a number of the men were experienced 
in spinning, dyeing, and finishing, and also because 
each party toured the entire mill, it was possible to 
obtain a complete picture of American cotton mill 
practice. 

This report by the weaving team is in two sec- 
tions. The first is a general survey and compares 
American and British practices. The second section, 
comprised of appendexes, deals at length with the 
technical features of processing and with labor rela- 
tions and conditions in the U. S. cotton textile indus- 
try. 
because it presents in detail the average as well as 
some individual present-day operating procedures 


This second section is of particular interest 


and management practices in American cotton mills. 


Analytical Methods for a Textile Laboratory. 
Compiled and published by the American Associa- 
tion of Textile Chemists and Colorists, Lowell Tex- 


tile Institute, Lowell, Massachusetts, 1949. 287 


pages. Price, $6.00. 


(Reviewed by A. R. Winch, Alexander Smith & 
Sons Carpet Co., Yonkers, N. Y.) 


This book ts a collection of laboratory test meth- 
ods which are based on those published by Walter 
M. Scott in a series of articles under the same title. 
The A.A.T.C.C. formed a committee to standardize 
the methods, and published a series of such methods 
in the 4.4.T.C.C. 1935-36 Year Book. They have 
since been revised and enlarged a number of times. 
In the latest revision, the methods were chosen for 
their adaptability to the average textile-mill labora- 
tory. 

This monograph provides a convenient reference 
for fairly rapid, simplified textile testing methods, 
organized into a well-defined scheme for analytical 


testing. It is arranged into 9 sections. 
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art I furnishes brief, general instructions per- 
taining to the subject matter covered. No refer- 
ences for further study are given. 

Parts II and III outline briefly the procedures for 
preparing standard solutions and reagents used in 
the test methods. 

In Part IV are given a few suggestions pertaining 
to sampling. 

Part V outlines methods of analysis for chemicals. 
The methods listed are for the most part convenient, 
brief, and of sufficient accuracy for most textile lab- 
oratory needs. Unfortunately, this section gives no 
references to alternate methods, original sources for 
the methods given, expected precision or accuracy, 
and no reference to or discussion of pertinent details. 

Part VI outlines convenient procedures for iden- 
tifying a number of common textile finishing agents. 
A brief scheme for qualitative determinations of the 
common textile resin finishes is also included. 

Part VII covers methods for identifying dyestuffs 
on cotton, wool, and silk. 

In Part VIII are discussed the quantitative sep- 
aration of wool, cotton, and other fibers by chemical 
methods, and also the microscopical identification of 
the various fibers. 

In Part IX are given a number of useful tables of 
physical constants and conversions for chemical cal- 
culations. <A bibliography of reference texts, jour- 
nals, and treatises pertaining to textiles and chemical 
analysis is included. 

In general, the book will find popularity where a 
brief, convenient manual of textile chemical testing 
methods is More rigorous and detailed 
methods and descriptions may be found elsewhere in 
the literature to meet individual needs which may 
be more exacting. 


desired. 


Textile Treating Compositions (TC-1). 153 
patents; price, $4.00. Special Report (No. 1) on 
Detergents. 206 patents; price, $2.00. Special 
Report No. 2 on Fatty Oils and Acids, Fats, and 
Waxes. 212 patents; price, $4.00. (Obtainable 
from Patent Publications, Box 4094, Washington 15, 
D. C.) 


In these three group-lists of patents prepared by 
Patent Publications an attempt has been made to 
furnish a complete listing of all of the U. S. Patents 
in the respective fields for which the original 17-year 
period of validity has elapsed and which are now in 
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the public domain and may be used by American 
manufacturers. Textile Treating Compositions also 
includes patents issued through September 30, 1950. 

A description of each patent is given, which in- 
cludes one or more of the principal claims as origi- 
nally printed in the Official U. S. Patent Gazette. 

In view of the wide range of subjects covered, 
these lists should be of special value to research 
laboratories and to technical libraries. 


The Fibrogram. Stig Lofgren. Gothenburg, 
Sweden, Gumperts Forlag, 1950. 144 pages; illus- 
trated with graphs. Price, $3.00. (Available 
through Textilinstitutet, Boras, Sweden.) 


(Reviewed by George W. Pfeiffenberger, Chicopee 
Manufacturing Corp., Lubbock, Texas) 


This book was published as part of the Proceed- 
ings of the Swedish Institute for Textile Research, 
Gothenburg, Sweden. Its title is much too modest, 
for the book covers many more subjects than the 
Fibrogram and its applications. 

This publication is primarily a fundamental. re- 
search report, and as such it contains a considerable 
number of mathematical computations and many 
theoretical discussions. On the other hand, it con- 
tains enough information on practical applications 
of theory for it to be of interest and value to persons 
engaged in industrial fiber research. 

An interesting concept of the inverse relationship 
between fiber parallelism and fiber clinging power is 
outlined. This concept may provide a practical method 
for measuring and expressing fiber parallelism. 

The theoretical and mathematical material on sta- 
tistical computations of fiber movement during draft- 
ing is of interest but probably would be understand- 
able only to readers closely concerned with basic fiber 
research. The conclusions in this chapter appear to 
be logical, but they are much too complicated to be 
discussed in a brief review of this nature. 

The chapter on fiber testing and strand-irregularity 
determinations is of more general interest. The 
various methods of measuring sliver nonuniformity 
are discussed; these include compression methods 
and the use of electrical capacitance instruments. 
In the interpretation of the charts the maximum- 
deviation method is recommended over the planim- 
etry technique. 

Starting with Chapter V and throughout the rest 
of the book are discussed actual tests based on previ- 
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ously stated theories. Unfortunately for the natural- 
fiber researcher, all of these tests were made with cut 
rayon. Many of the results might be applied to 
natural fibers, although this reviewer does not believe 
that all of the conclusions are valid for such fibers as 
cotton. 

Fibers were drafted at two different velocities ; 
from the results it was concluded that the irregularity 
of the drafted sliver is not influenced by the velocity. 

The author shows by actual tests that roller setting 
is very important for material with a low degreé of 
parallelism, such as card sliver, but is largely un- 
important for slivers with a high degree of paral- 
lelism. It is also shown that the draft ratio, as far 
as sliver irregularity is concerned, is critical with 
strands of low fiber parallelization. 

A highly interesting and valuable section of the 
book deals with the relationship between fiber length 
distribution and yarn properties, with a final chapter 
on fiber distribution and fabric properties. Although 
he does not find as well defined correlations between 
fiber distribution and fabric properties as between 
fiber distribution and yarn properties, the author 
does present some evidence to show the relationship 
between mean fiber length and fabric strength, ex- 
tensibility, abrasion, and porosity—all of these fabric 
properties improve with increased mean fiber length. 

Included in the work is a splendid survey of pre- 


vious studies, which sharpens the reader’s curiosity 
to look up the references and learn more of the his- 
tory of fiber research. 


Fabric Defects. J. B. Goldberg. 
McGraw-Hill Book Co., 1950. 
$6.00. 


(Reviewed by Russell Metcalf Fox, Lowell Textile 
Institute, Lowell, Mass.) 


New York, 


371 pages. Price, 


This book presents in an interesting and concise 
manner some of the problems in fabric defects with 
which the author has come in contact over a number 
of years. The book is divided into several chapters, 
covering such subjects as gray-mill defects, defects 
in man-made fibers and yarns, dyeing and finishing 
faults, defects in garments, miscellaneous imperfec- 
tions, and investigation of fabric defects, and closing 
with a glossary of textile terms used in the text and 
an appendix of various tables, such as for diameters 
of textile fabrics, yarn conversion tables, and tables 
for specific gravity of fibers. 
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Throughout the book, case histories of different 
defects are given, including the method used to de- 
termine the cause of a defect and a photomicrograph 
of the fabric under consideration. 

In the chapter on gray-mill defects, such imper- 
fections as warp streaks, filling streaks and bands, 
holes, specks and spots, shiners, wavy and uneven 
appearance, kinks in selvage, etc., are discussed. 

In the chapter on defects in man-made fibers and 
yarns are discussed the physical faults, such as 
denier variation, filament luster, tensile 
strength, and elongation; the chemical faults, such 
as finish and surface deposits and dyeing charac- 
teristics; and staple fibers, relating to the adhesion 
of filaments, uneven staple lengths, finish, and mois- 
ture content. Included are case histories of defects, 
covering warp streaks, filling bands, tender filling, 
spots, holes, etc. 


count, 


In the chapter on dyeing and finishing faults are 
considered some of the faults in cotton goods caused 
by singeing, mercerizing, and starches; and the me- 
chanical or chemical damage due to the processing 
of rayon fabrics. Case histories are given covering 
differences in luster, holes, uneven shades, warp 
streaks, tender fabric, etc. 

The chapter on defects in garments is of interest 
to the millman and consumer alike, as it delves into 
the causes of torn shirt collars, excessive wear in a 
short time, frayed seams, holes in tablecloths, vanish- 
ing stripes, and spots from various causes. 

Mr. Goldberg has produced a book that should fill 
a definite need in textile literature. 


Industrial and Safety Problems of Nuclear 
Technology. Edited by Morris H. Shamos and 
Sidney G. Roth. New York, Harper & Brothers 
Publishers, 1950. Price, $4.00. 


(Reviewed by H. M. Isikow, U. S. Testing Co., Inc., 
Hoboken, N. J.) 


368 + xili pages. 


The papers which comprise this volume were origi- 
nally presented before a conference held at New 
York University in Jan., 1950. 

The first part is devoted to papers describing the 
goals, organization, and activities of the A.E.C., and 
includes such details as how the national laboratories 
are constituted and operated, scientific training under 
A.E.C. sponsorship, and how the A.E.C. selects and 
does business with its contractors. 
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Part II provides rather cursory treatments of 
nuclear physics, electronuclear apparatus, and radio- 
active materials. These topics are allotted a total 
of only 6% of the total space, thus emphasizing the 
basically practical character of the book. Dr. Aeber- 
sold has presented a large number of examples of 
many of the uses in medicine and industry to which 
radioisotopes have been put. Fewer, but more de- 
tailed accounts of their application to the petroleum, 
metallurgical, agricultural, and food fields are given 
by Dr. Rosenblum, whe has appended the most ex- 
tensive of the book’s four bibliographical lists. 

Part III includes descriptions of the construction 
characteristics of a typical radiochemical laboratory, 
radiochemical instrumentation problems, and_ the 
planning and evaluation of tracer experiments. Con- 
trary to expectation, the instrumentation problems 
cited are not those involving the counting of radia- 
tion, but those which result from the attempt at 
application of standard physicochemical techniques 
to radiochemistry. This book is sufficiently technical 
to have warranted the inclusion of a brief descrip- 
tion of counting methods and apparatus. 

The last section covers, in considerable detail, the 
health problems (including waste disposal) and haz- 
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ards involved in radiochemical work. The size of 
this section could have been reduced without a sig- 
nificant loss of pertinent material. Also, the con- 
siderable amount of repetition found throughout the 
book might have been eliminated. 

The only errata noted were opposite p. 168, where 
the photograph captions were switched, and on p. 
294, where the half-life of Cobalt 60 is given as 5.3 
days instead of 5.3 years. 

Transcriptions of brief, informative conference- 
panel discussions have been included in an appendix. 

In so far as the editors state as their aim the 
preparation of a single source of certain fundamental 
information pertinent to the field of radioactivity, 
this aim has been well fulfilled. This book provides 
that important, first over-all glance into an essentially 
new realm of scientific endeavor about which nearly 
everyone has heard, but which comparatively few, 
who might well benefit from a more intimate knowl- 
edge, have investigated. It should be a worth-while 


acquisition for those academicians and people in 


industry and the biological sciences who would like 
to learn something of the potentialities and involve- 
ments connected with the employment of radioactive 
materials in their respective fields. 
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